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ABSTRACT 


Fly ash is a major industrial waste produced in India The low calorific value and high 
ash content of coal has lesiilted iii enoimous pioduction of fly ash by various Tiiermal Powei 
Plants in India wheieas its utilization is very limited Therefore, it is generally disposed off in 
tlie vicinity of the Theiinal Powei Plants in the form of ash mound/dykes In the present 
mvestigation, post constiuction monitoring of ash dykes raised by upstream metliod of 
construction has been carried out at the ash disposal sites of Korba Super Tiiermal Power 
Plants (KSTPP), Korba and Badaipui Thermal Power Station (BTPS), New Delhi 

In case of ash dykes, primary importance is that of the horizontal, vertical movements 
and pore watei built up within the dyke and iherefoie, settlement plate, inclinometer and 
piezoineteis were ins tailed at KSTPP ash dyke Standard Penetiation test have also been 
performed at critical locations to study the strengtli properties of ash The results of 
inclinomctei reveal that the lateial movement was confined to the ash filling operation of 
lagoons, while the results of settlement plate show that nearly 98-99% of the settlement of the 
lagoon ash occuis during the construction of ash embankment over it, assuming double 
drainage of the compiessible lagoon ash layei beneath the embankment In case of single 
drainage peicentnge of settlement depends on the depth of compiessible layer The total 
settlement is found to be 3 -4 % of total depth of compressible layer of ash Piezometers are 
necessary to check the phieatic line, on which the stability of dykes are dependent It also 
assuics the pioper functioning of diainnge blanket provided within the embankments. 

SPT, piczocone and plate load tests weie performed at BTPS ash dyke site to evaluate 
(he improvement in shear sliength pioperty of settled ash due to the constiuction of ash 
embankment over the scllled asli These tests exliibited an impiovement in the angle of internal 
friction <|) of lagoon ash from 28° to 31°, The same degree of improvement was found for 
settled asli al KSTPP ash dyke, Tlie meagoi impiovement of <[) by 3° has greally enhanced the 
chances of fiirthci laising at KSTPP ash dyke A detailed stability analysis performed on ash 
dykes for each seismic zone of India assunuiig same degiee of impiovement in the shear 
strength of ash has revealed that eight raisings arc possible in low seismic zones In high 
seismic zone only Ihiee laisings are possible In a very high seismic zone (Zone V), ash 
embankment sliould not be constructed by upstream method of construction 
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Chapter 1 


Introduction 


Con sideling the size of its economy, India is pooily endowed with energy 
lesoiu'ces. It’s majoi souice of commercial energy is coal. Cunent reserves aie 
sufficiently laige to meet India's coal demand ovei the next 250 years By 
companson, oil and gas resei^ves will last only for another 15 - 20 years. Coal 
cunently meets about 2/3 of India’s total eneigy needs. With the commissioning 
of super thermal power plants and increasingly use of low grade coals of high ash 
content the cuirent production of ash is about 60 million tons pei year This figine 
IS likely to go upto 100 million tons per yeai by the end of this centuiy. The map 
exlubitmg thermal power plants in India have been shown in Fig. I 1 . 




The power generation has recoided a 42 fold inciease between 1950- 51 
and 1991- 92, howevei, the availability of energy is significantly shoit of demand 
Since electncal eneigy plays a crucial lole in both industiial, commercial and 
agncultuial sectois and thus the consumption of electiicity in the coimtiy has been 
used as an indicatoi of pioductivity and giowth. With this peispective, powei 
development has been given high prioiity in the development piogramme of oui 
country 

The total energy lequiiement of India at the end of the centiuy is estimated 
to be aiound 1,10,000 MW as against around 85,000 MW at piesent Coal 
consumption by power sector was 46 % of the total production m 1985-86, which 
has inci eased to 60 5 % in 1992 -93 and is likely to reach 74 % of die total 
production by 2001-02, Table 1.1 shows the coal consumption by vaiious 
Industiial sectors of India 

Coal filed plants generate diffeient types of ash lesidues and dischaige 
enonnous quantities of particulate material & vapouis. Fly ash is the most 
abundant of all the lesidues Flyash fiom powei plants is posing a majoi 
enviionmental pioblem to power plant authoiities Its disposal not only requiies 
huge land, watei and power, but also causes ecological problems. 

Different types of coal produce diffeient quantities of ash, depending on the 
concentration of miner al matter in that type of coal In the western coimlries, the 
coal is geneially processed piior to dehveiy at the power plant and therefore the 
ash content is generally less than 20 % of the coal. In India the coal contains veiy 
high peicentage of lock and soil and theiefore the ash contents are as high as 50% 

At piesent only a negligible peicentage of fly ash is utilized Recent 
leseaiches has shown that its application potential is tremendous not only in the 
field of civil consti'uction but in the industrial & agiicultural applications also 
Some of the uses of flyash aie in constniction of load embankment , minefields, 
lime fly ash concrete, flyash bricks, Poitland pozzolana cement, light weight 
aggregates etc Since, Indian fly ash generally consists of silica, alumina, hematite, 
unbumed carbon & small amount of alkalis and sulfates, theiefoie it could be used 
in exti'action of metals from them. But these usage of flyash aie veiy less as 
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compared to its production. Until full utilization of ash is made, ash produced 
fiom the powei plants will be continued to be disposed off on ground as a waste 
mateiial Although ash dyke is a tail end of the Thennal Power Plants (TPPs) , 
even then disruption in the ash disposal may hamper the production of electiicity 
Since the volume of ash to be disposed off is laige, it needs propei ash 
management pi ogi amine It can be disposed off eithei by dry scheme oi by wet 
scheme 

Until 100 peicent utilization of ash is made the lagoons will keep on filling 
When the lagoons become full, four basic options are available : (a) constructing 
new lagoon using either conventional constiuction material, (b) having the flyash 
in existing lagoons hauled to anothei disposal site, (c) laising the dyke using flyash 
excavated fiom the lagoon. The fouith option is consideied to be very cost 
effective because any flyash used for consbucting dyke would in addition to saving 
the earth filling cost, enliance the disposal capacity of lagoon. 

In India, ash fiom the most of the powei plants is disposed off by wet 
scheme in the vicmity of the powei plants by constructing ash lagoon(s). At 
seveial sites wheie the lagoons become full the fomth has been implemented. 

CuiTently at seveial sites e.g. at Koiba, Delhi, Bokaio, Singrauli, 
Vindhyachal, Ramagundam, Farakka etc existing lagoons have been laised by 
upstieam method of constiuction. In this case ash embankment is raised over the 
settled ash. The design has been developed based on conseiwative assumption The 
upstream method of raising the embankment lequires the highest level of 
monitoiing as the embankment lests more and more on loose deposits as the 
embankment height increases. 

The piesent thesis coveis the post construction monitoring of flyash dykes 
laised by upstieam method of construction. This includes the measiuement of tlie 
geotechnical pioperties of the ash piioi to constiuction, during constiuction and 
post construction and to measuie the improvement in the shear stiength of ash due 
to consolidation either due to time or due to overbuiden load of the embankment. 
The improvement may allow us for further raising of the ash dyke safely. The 
monitoiing of post construction peifoimance of ash dykes such as vertical. 



4 


hoiizontal movements and poie water pressure measuieinents leveals the 
behaviour of ash dyke aflei construction and provides a check ovei the initial 
design made m the constinclion of ash dykes. 

Following two sites were selected foi detailed monitoring 

• Korba Super Thennal Powei Plant (KSTPP), Korba 

• Badaipui Theimal Powei Station (BTPS), New Delhi 

In chapter 2 , the properties of ash, types of disposal system, methods of 
evaluating shear strength using field tests such piezocone, standard penetration test 
and plate load test have been reviewed 

Chaptei 3 deals with the vaiious mstiuments used duiing inonitoriug of ash 
dykes at the selected sites. The honzontal and vertical movements of the dyke were 
measured though mclinometeis and settlement plates respectively The water 
piessuie developed within tlie body of the dyke was monitoied thiougli 
piezometeis. 

Chapter 4 deals with the vaiious field and laboiatoiy tests conducted at the 
selected sites The test lesults are also discussed in this chaptei 

Chapter 5 deals with the coirelation of results obtained tlnough various field 
and laboiatoiy tests. This chaptei also studies the impact of the results obtained, 
on the stability of the ash dyke. 

Chapter 6 is the summaiy and conclusion of the present investigation. 
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Tnblcl.l : Coal Consiimptioii : Industrial Sector, India 


( million tons ) 


Sector 

1976-77 

1978-79 

1983-84 

1988-89 

Power 

27.0 

33 7 

55 2 

87 3 

Steel 

22 3 

24.6 

28 7 

32 4 

Railway 

13 3 

13 5 

12 0 

10.0 

Domestic 

77 

8.5 

10.4 

10 8 

Other 

28 8 

33 6 

46.4 

56.7 

Total 

^991 

113.9 

152,7 

197 2 
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Chapter 2 


Literature Review 


2.1 General 

A liteiatuie suivey, conceniing with Ihc piopeities of fly ash and vaiious 
types of disposal systems of ash being practised in India, have been conducted m 
this chapter The deffeient methods used to evaluate the shear strength of the 
cohesionless soil fiom the test lesults of static cone penetration test, plate load test 
and standaid penetiation test aie also discussed in this cliaptei. The pollution 
caused due to ash dykes and then icmedial measuies have also been included 
within the scope of piesent study. 
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2.2 Geotechnical Properties of Fly Ash 

Physico-cliemicaJ piopeities of fly ash need to be consideied piioi to any 
meaningful evaluation of possible utilization options oi safe, cost effective and 
enviionmentally acceptable disposal methods The chemical and physical 
composition and the pi eduction of a fly ash is a function of seveial variables such 
as 

i) coal souice, 

ii) Degree of pulvenzation, 
ill) Design of boiler unit, 

iv) Loading and hung conditions , 

v) Handling and stoiage methods. 

Thus, It is not suipiising that a Iiighei degiee of vanation can occui in fly 
ashes, not only between powei plants but within a single powei plant also. A 
change in any of the above factois can lesult in detectable changes in the fly ash 
pioduced. The degiee to which any change affects the utilization potential of fly 
ash IS a flmction of the natiiie and degiee of the change and the paiticular 
application for which the fly ash might be used 

2.2.1 Types of Fly Ash 

Fly ash may be classiflcd into two gioiips, based on the nature of 
then chemical constituents . 

i) bituminous' type or Class F flyash 

ii) lignite- type oi Class C flyash . 

The bituminous fly ash is pioduced by burning bituminous or anthracite 
coal, and the Lignite fly ash by burning sub-bituminous coal or lignite. 

Lignite type ash is defined as an ash having more calcium oxide (CaO), 
plus magnesium oxide (MgO), than feme oxide (Fe20^) By contiast , the 
bituminous -type ash will ha\e moie fciric oxide, than calcium oxide (CaO), plus 
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magnesium oxide (MgO) Geologically, bituminous ash is pioduced from the 
Triassic coals and older coals and lignite type from Jurassic and younger coals. 
The average particle size of lignite fly ash is consideiably coaisei than diat of 
Bituminous fly ash Also, free lime is present in all lignite type fly ash and 
theiefore it has self cementing pioperty. 

Bituminous fly ash is the most common It has pozzolanic piopeities but is 
not appieciably self cementing Because of the geographic distiibuhon of coal 
types. Bituminous fly ash is principally produced in India. Although less common , 
the Lignite flyash is pioduced in South India in the vicinity of Neyvelh 

2.2.2 Chemical Properties of Ash 

Fly ash is a silt-sized, fine grained material In an aqueous environment, the 
ash reacts with lime (CaO) and produces a cementitious material with good 
stnictuial pioperties This is termed as pozzolanic piopeity and it foim the basis of 
many uses of the ash The amount of CaO is veiy much influenced by the coal 
souices while the caibon content is function of efficiency of the paiticulat boilei 
unit and the fineness of the pulvenzed coal. The free lime influences the 
pozzolanic activity of the fly ash, while unburned carbon affects the compaction 
and strength characteristics. The piopeities of fly ash, howevei, vaiy over a wide 
lange depending upon the type of coal, furnace and binning tempeiatuie and other 
factors. Foi example, the ash lesulling from combustion of •bituminous coal or 
anthiacite shows no significant self cementing piopeities. 

The four principal groups of mineial found in India Coals aie hydrated 
silicate gioiip ( kaolinite ); carbonate gioup ( Calcite and sedente ), sulphate group 
( feldspai, quartz, apatite, etc)( Toitey 1978). 

The constituents most likely to affect the index and engiiieeiing pioperties 
of ash aie silica, iion, free lime and carbon The ashes containing higher 
peicentage of non content will have higlier specific gravity as compared to ash 
conataing higher silica content. The chemical composition of ash influnccnces its 
colour to a large degree Ashes range in colour from cream to daik blown or gray. 
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The creani colour is usually produced by a high calcium oxide content, and giay to 
black by increasing quantities of caibon Table 2 1 gives the range of chemical 
composition of Indian fly ashes along with the aveiage values of the US, UK and 
Swedish ash 

2.2.3 Specific Gravity 

specific giavity is frequently needed in analyzing ash foi evaluation of 
many geotechnical piopeities Fly ash is chaiacterized by low specific giavity, 
unifoiTO gradation and lack of plasticity . The specific gravity of fly ash paiticles 
depends upon chemical composition and generally the specific gi*a vity of most of 
the ashes are consideiably less than that foi soils Table 2 2 gives the langc of 
specific gravity of bottom ash, fly ash and pond ash m India and olliei counhies It 
is obseiTcd from the table that the specific giavity of the bottom ash is slightly 
higlier than fly ash which in turn is higher than that for pond ash. One of the 
reasons foi the low specific giavity of fly ash as compaied to soil is because of the 
high piopoitions of ash paiticles being cenospheres or hollow paiticles. The large 
variation m the values of specific giavity is because of the combination of many 
factois such as giadation, paiticles shape, composition and segregation (Giay and 
Yen-Kuang Lm, 1972). The degree of segregation depends on the material 
distance fiom the dischaige point. The specific gravity of the ash paiticles at the 
dischaige zone is highei than that at the outflow point. Also, the specific gravity 
of the ash is highei when it has high iron content. 

Generally the specific giavity of the Indian ash vaiy from 1.7 to 2.4. The 
mean value is 2,1 . The Ameiican Class- F ash exhibits a mean specific giavity of 

2.4 while that of Class- C ash shows a value of 2.5 

2.2.4 Grain Size distribution 

The grain size distribution of ash piovides consideiable insight into 
Its properties and behavioiu. Fly ash is a typically unifoim silt sized material. 
Figiiie 2.1 presents a typical giain size distiibution curve foi flyash, bottom ash 



and pond ash It is observed that the bottom ash and pond ash are coarsei than fly 
ash (Siidharan et al 1995). The average paiticle size of lignite flyash is found to be 
consideiably coaisei than the bituminous fly ash. 

Table 2.3 shows the range of values for particle size of some Indian ash 
(Rajasekliai et al, 1995). It is observed fiom the table that giain size at the 10th 
peicentile, djo, which influences the hydiaulic behavioui (pei me ability and 
capillaiy moisture retention) of non-plastic soils ranges from 0.0027-0 02 mm for 
fly ash where as for bottom ash it is from 0 08 mm to 0 7 mm. The lange of C„ 
(coefficient of umfoimity, defined as the latio of d^^ over dj^) for fly ash is from 
13 3 to 10.0 while for pond ash is 7.1 to 5 3. The coefficient of cuivatuie vanes 
fiom 2 16 to 0 73 foi bottom ash, fiom 1.2 to 0.95 for pond ash and 0 83 to 1.03 
foi fly ash. The mean coefficient of unifonmly of the US ash is 5.94 . It is to be 
noted that Indian ashes aie relatively coarser than the US ashes 

The fly ash is typically a unifonn silt size material and the giain size of 
bottom ash varies between sand to fine giavel. Because of splieiical shape, small 
smface area, imiform size of the particles, most of the ashes have no plasticity 
The giadation and fineness me greatly influenced by the degiee of pulveiizatioii 
system and the efficiency of piecipitatoi system. 


2.2.5 Atterberg Limit 

Atlerberg limits include liquid limit, plastic limit and shiinkage limit. 
The values of liquid limit and plastic limit aie very useful in the classification of 
soils. They also piovide an overall idea for the engineering piopeities of the soils 
with liquid limit. Since, the ash is non plastic, it is veiy difficult to conduct a 
liquid limit test using Casagrande method, but one can get the liquid limit value 
using cone penetration method. Since, fly ash is not plastic in naluie, plastic 
limit cannot be detennined. The liquid limit of the fly ash is found to be in lange 
of 43 to 49% (Rajasekhar, 1995) Ifs shiinkage limit varies with initial water 
content The liquid limit of pond ash tends to be much less than that for fly ash. 
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Spheiical shape, small surface aiea, and uniform silt to sand size of individual 
particles make ash non-plastic 

2.2.6 Compaction Characteristics 

The density of ash is an impoitant parainetei since it contiol its 
strength, compiessibility and penneabihty Compaction is a piocess of incieasmg 
the density of the material by packing the paiticles closer together with reduction 
m the volume of air. Densifi cation of soil/ash improves the engineering 
pi Opel ties. The degree of compaction of soil/ash is measured m teims of diy 
density The compacted unit weight depend upon the amount and method of 
eneigy application, and matenal pioperties such as giain size, giadation, pat tide 
shape, plasticity and the moisture content at compaction Fly ash is non plastic and 
uniformly graded indicating the need for vibialoiy densifi cation, but the fineness 
of the paiticles also suggests that high pressure might be necessaiy Fly ash 
becomes unmanageable when it is eithei dry oi saturated However, a well 
compacted flyash exliibits strengths compaiable to those for soils noimally used in 
earth fill operation. Fly ash compaction might thus be expected to be a hybrid 
expeiience with fine and couise giained soils,. 

Noimally , the diy density of the pond ash when tested under standard 
piocloi compactive effort ranges between 0.91 to 1.49 g/cc and the optimum 
moistuie content varies from 18 to 45 % (Skarzynska et al. 1989), It can be also 
noted that the maximum diy density (MDD) and optimum moistuie content (OMC) 
of the same pond ash but collected from different places ( i.e., ash at slimy 
dischaige point and at water escape ) could be diffeient (Dayal et al, 1988). The 
pond ash collected near the ash sluny dischaige zone gives higher diy density and 
lowei OMC values than foi the ash collected near the water escape point This is 
because of the giain size distiibution aided by the specific gravity of the particles 
at the shiny dischaige zone being higher than that of the paiticles neai the water 
escape point. 
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The mean value of maximum Standard Pioctoi Dry Density and the 
Optimum Moistuie Content of Indian fly ashes, bottom ashes and combined ashes 
aie given in the Table 2.4 (Dayal ,1988) 

It IS deal fiom the above table that the higher values of MDDs are lelated to 
lower values of OMC’s The Maximum Dry Density and Optimum Moisture 
Content inciease with tlie increase in the specific giavity This fact is clear fiom 
the Figiue 2 2 showing curves of MDD with OMC at diffeient specific giavities 
For bottom ash MDD -OMC curve is almost a straight line which shows that the 
moisture content does not significantly affects the compacted density 

2.2,7 Coefficient of Permeability 

The bottom ash and pond ash are moie peimeable than fly ash This 
is understandable because the bottom ash and pond ash being coaise grained and 
devoid of fines compared to fly ash and thus have a higher value for permeability 
coefficient For compaiison purpose the coefficient of penneability values for 
some other fly ashes, bottom ashes as well as foi soils are also given in the Table 
2.5. The value of coefficient of penneability also depends on the degree of 
compaction and pozzolanic activity The cementation causes a i eduction in 
permeability It has been lepoited that for the values of MDD varying fiom 1.4 to 
1 23 gm/cc the coiresponding values of coefficient of penneability vary from 
1,65x10“^ to 1.34x10''^ cm/sec. In case of KSTPP ashes, for the range of MDD 
from 1 21 to 1.0 1 gm/cc the coiresponding values of penneability coefficients vaiy 
fiom 2 25x 10'^ to 1.34x10'“’ cm/sec Generally the penneability of Indian ashes 
aie higher compaied to the US. this may be attributed due to piesence of lesser 
amount of fmei particles in Indian power plant ashes. The in situ horizontal 
penneability of the pond ash is normally 10 to 15 times greater than insitu vertical 
penneability ( Siidharan, 1995) This is because lagoon deposits arc highly 
stmtified. Some of the fly ashes do have permeability values as low as those foi 
clayey soils This aspect is very useful in utilization of ash as a low permeable 
banier to reduce the migiation of solutes and a possible ground watei pollution. 
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The use of low permeability ash as a fill produces a shuctiire with high nm-off 
factoi and it may be necessaiy to pi event the external erosion effects 

It has been found that the coefficient of permeability of fly ash decreases 
with inci easing compaction 

2.2.8 Consolidation and Compressibility Characteristics 

To estimate the settlement of fly ash embankment or fills, one-dimensional 
consolidation test lesults are requiied Results of laboiatory consolidation tests 
(Capco, 1990) on undistuibed samples fiom reclamation fills gave values of 
coefficient of consolidation, Cv of the ordei of 0.57 -1 14 cmVmm.(y4 in the range 
of 0.75 to 1 3 g/cm^). But the actual in-sitii values are much higher (aiound 3 to 
10 times the laboiatoiy values ) Since, piimaiy consolidation foi fly ash will be 
completed by about one minute it is difficult to take the time compiession leadings 
manually for Cv calculations using classical defonnations Vs time plots. Webb and 
Hughes ( 1987 ) used an automatic recording system for taking the consolidation 
leadings at veiy small time inteivals. They have reported Cv values of the older of 
1 9 to 19 cm^ /min These high lates of consolidation suggest that in most cases 
piimary consolidation will be practically complete when the fill construction is 
over This high rates of consolidation of fly ash is favoutable particularly foi its 
use as embankment and reclamation fills. 

Equally important is the secondaiy consolidation which account for 20 -30 
% of the total compression which depends on the nature of the fly ash and the 
duration of curing. The coefficient of secondary consolidation values decrease 
with curing time due to age hardening of fly ash. They are also highly dependent 
on the pozzolanic activity of fly ash which depends on the fiee lime content, 
caibon content and amount an chemical composition of the glass phase. 

2.2.9 Shear Strength Characteristics 

A number of ash characteristics effect design considerations and 
deteimine the suitability of a particulai ash form dyke and embankment 



construction The most important among them are strength and permeability which 
deteimine its suitability for embankment constmction. 

Both total shcngtli paiameters and effective stiength parameters are 
lequiied in designs Foi example, in the case of dyke designs, total stiength 
paiameteis aie lequiied for stability analysis dm mg constnjction period or for 
sudden diaw-down conditions wheieas the effective strength paiameters are 
lequiied foi designing the slope foi steady seepage case and for the long tenn 
stability Stiength propeities of the fly ashes get affected by vanations in density, 
moisture content, particle size distiibution and chemical composition. It is 
important to note that the fly ash derives most of its shear stiength fiom the angle 
of internal fifction and that the cohesive strength parameters (c) indicates an 
appaient cohesion in the fly ash due to capillaiy foices produced by poie water 
This apparent cohesion can be destroyed by complete diying or saturation and , 
tlieiefore must be ignoied m the design of embankment oi dyke (Mclaien and 
Digioa, 1987). 

It has shown in the liteiature by Meyeis, et al (1976) that the sheai strength 
is affected by sample density and moisture content. The undrained slieai shength 
decreases significantly in fly ash samples compacted on the wet side of optimum. 
In addition, shear stiength deci eases in samples compacted to less than maximum 
diy density. This is an important consideiation in design since it is not often 
piactical to requiie 100% compaction in the field. Normally a minimum of 95 - 
90 % compaction is specified. For design puipose, sheai strength parameters 
should be established at field compaction density. 

The sheai stiength test results indicate that both effective and total angle of 
mteinal fiiction decreases as the density decreases (Fig 2,3) For 100 % Proctor 
diy density the average effective angle (tj)' ) for combined ash is 36° and for 95% 
and 90% of Pi odor diy density the average {[)' is 33° and 30.5°, lespectively 
(Dayal, 1988) 
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2.3 Types of Disposal 

The ash geneiated in powei plants is indeed, veiy huge m quantity 
Theiefoie the disposal of the same is a mammoth pioblem posed to thermal power 
station The geneial practice is of disposing it on isolated barren/waste lands, 
piefeiably low-lying But the identification and availability of such vast stretches 
of land is major problem, especially in a thickly populated country like India. 
There are two methods geneially used in disposal of flyash namely, wet disposal 
and dry disposal 

2.3.1 Dry Ash Disposal Systems (Ash Mound) 

The dry ash stoiage mound is of diy ash placement type fonned by using 
mechanical equipment to place tlie ash to pre-deteimined levels. A compacted 
earth toe embankment is constructed at the base of the disposal site with a 
compacted fly ash embankment face assuring a stable and dm'able disposal site. 
The size of the eaith toe embankment vaiies and is dependent upon the magnitude 
of stabilizing foice lequired to piovide an adequate safety factoi for the completed 
eai1h-fly ash embankment. The initial stage fly ash embankment consists of a 
compacted fly ash face poition and an up-stieam uncompacted portion Tlie fly ash 
within the face portion of this stage is placed in thin shifts and compacted to a dry 
density equal to 90 to 95 peiccnt of the maximum diy density. The slope of the this 
initial stage of fly ash embankment depends on the strength piopeilies of the ash 
being stoied. Noimally for a well compacted ash, a slope of two to thiee 
horizontal to one vertical is adequate. The remainder of the ash can be loosely 
placed or compacted for maximum capacity. This decision is based on economics 
and the planning of future use 

The diy ash system is considered useful fioin the point of view of ash 
utilization The fly ash from ash mound is moie in demand as compared to pond 
ash for the end use. 



Drainage System . At a minimum, a blanket of bottom ash/gianular fill is placed 
beneath all of the Stage I embankment This blanket collects any surface watei 
which enteis the site and percolates thiough the fly ash. The collected water is 
chained towards the bottom wheie it could be collected at predetennined intervals 
and conducted into the culvert A bottom ash diainage blanket is eventually placed 
under the entire disposal aiea The puipose of this extended blanket is to pi event a 
rise m the level of the groundwater table from inundating the fly ash, theieby 
eliminating leachate from this source. Thus, the extent of the bottom ash blanket 
depends on the gioiind water hydiology of each site. 

Surface diainage is piovided by a system of peiipheial cutoff ditches 
constiucted outside of the fill aiea to divert overland flow away from the fill aiea 
These cutoff ditches minimize eiosion effects and reduce the volume of water that 
must be handled by the sedimentation pond which must be constructed 
downsfream of the earth toe embankment. The fly ash embankment is shaped 
duiing construction to contiol mnoff. Runoff fiom the fly ash embankment is 
collected m ditches and diverted to sedimentation ponds to provide siltation 
contiol. Compiehensive erosion and sedimentation control plans aie a must foi all 
disposal sites 

All compacted surfaces of the disposal site are coveied with soil and then 
seeded with a mixture of giass and legumes. 

2.3.2 Wet Disposal 

In this system ash is disposed in the foim of ‘ash sliiiTy’ by mixing it witli 
water in the ration of 1:10 and pumping it thiough pipelines into ash pond. In 
such cases the area is laised by bunds all around the perimeter known as ash-dyke 
which is generally at an elevation of 8 to 10 m from oiiginal level and seive as a 
stoiagc aiea. 
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Lagoon formation The entiie ash disposal area is further sub divided luto 
smaller aieas by creating partition within the total area meant for disposal The 
lagoon formation helps in compartinentalization of the whole aiea and ash is 
disposed alternatively in each lagoon upto pie-determined levels befoie switching 
ovei to other lagoon 

The advantage of lagoonmg is that while m one part of the dyke aiea where 
the ash disposal is continued, simultaneously fiom the other part reclaimation of 
ash for any othei useful purpose can be done But the main advantage of lagooning 
is that while the first lagoon is being discharged with ash the second can be raised 
dining this period 

Ponding of Ash : The ponding of ash is done with the set of ash disposal pipes 
thiough which the ash in sluiry-fonn is dischaiged after pumping fiom ash pump 
situated within the plant boimdaiy. The ash pipe line is placed all along the 
penpheiy of each lagoon with dischaige end staggered thioiighout die penmetei of 
entire area, in ordei to facilitate ponding of ash unifonnly. 

Decantation : The decanted water as well as the rain watei collected within the 
pond is disposed out of the ash pond through watei escape stiuctuies. These 
structuies should be located on the upstieam side and beyond the toe of the 
ultimate phase dyke, otherwise, these structures has to built at each stage of dyke 
const! uction and connected to the watei escape slructiues of pievious stage. These 
stiuctures ai’e of such a height that it allows the water to spill ovei it’s peiipheiy 
01 thi ought the adjustable piecast slabs inserted in grooves of water escape tower 
The solid ash tends to settle at the bottom of lagoon and allows the water to collect 
at the top of ash bed, forming a watei -cover. Sometimes the excess water is 
allowed to drain through a decantation toe having rock-filteis to airest the flowing 
of any excess ash The dischaige water level is kept at the top of formation level 
wheie water is collected and giadually laised inciementally to subsequent levels 
Draw off pipes are also provide which are embedded below the eaithen dyke/ash 
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deposit. These pipes are encase in concrete to avoid leakage at joints. The 
dischaige water from all lagoons is collected to a main diain which finally leads to 
suiface water system 

Toe-dram At the bottom of ash dyke thioughout the penmetei of ash pond aiea a 
small toe-diain is made, which collects the seepage watei thiough tiie ash-dyke 
and fmally discharges into river/nallah 

Land Requirement ; The requirement of land for meiely dumping/storage of coal 
ash geneiated by Theimal Power Plants runs m to seveial thousands of acies. 
According to one estimate 28,300 Hectares of land would be lequiied for the 
storage of coal ash expected to be produced by seveial thennal powei plants in 
hidia, by the yeai 2000 This is based on the assumption that the current late of 
utilization will continue unchanged at 3 %. As a thumb rule 0 8 acies of land for 
the storage of ash is requiied foi 1 MW of capacity of TPP taking average height 
of ash dyke as 8-10 m and total usefiil plant life as 25 years. 

In India, ash from the most of the powei plants is disposed off by wet 
scheme in the vicinity of the powei plants as a waste material. Constructional 
methods for ash iinpoimdments can be giouped into thiee bioad categoiies ; 

• Upstieam method of stage constiuction 

• Downsheam method of stage construction 

• Centieline method of stage constiuction 

2.3.2. 1 Upstream method 

Fig. 2.4 shows typical embankment configuration consti’ucted using the 
upstieam method Similai consti actions using othei types of mine wastes have 
been practiced foi many yeais and have been discussed by many investigatois and 
designeis, In this method an initial staiter dyke is constructed at the downstieam 
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toe of the proposed embankment and then tlie embankment is reused The major 
advantages of this technique are that : 

* It requiies minimal volume of structural fill as pait of new embankment is 
constructed on top of existing embankment and paitly over the unconsolidated 
sluny aheady deposited, 

* It piovides bettei environmental pollution control compared to othei methods 
because the constnicted embankment being the final face of the ultimate 
embankment, vegetation and other fugitive dust contiol and/or leachate control 
measures can be planned on a permanent basis, 

* Operational lequiiements such as haul and access loads, culverts, diversion and 
perimeter ditches may be constructed to serve the entiie useful life of the 
facility, 

* The wateished area decreases with the piogiess of embankment construction, 
requiring less volume for storm runoff handling with time, 

* The staiter dam, if propily designed, can be used as a toe filter foi the entire 
embankment. 

The majoi criticism of upstream construction is that a part of embankment is 
constnicted on the ash, which is not siiicturally sound material Howevei, by 
following the basic piiciples of embankment design and through the judicious 
handling of materials, a safe dam can be constiucted by the upstieam method of 
consti'uctioii. Allhough settled ash is modeiately compissible, consolidation occuis 
in a I datively shot time penod, thereby its implictions aie nonnal, if the 
impoundment is located in a low seismic zone. 

2.3.2.2 Downstream method : 

In this method, consti'uctioii is earned out on the downstream side of the 
starter embankment so that the ciest of the dam is shifted piogressively towards the 
downstream and the starter dam fonns the upslieam toe of the final dam The mam 
advantages of this method is that none of the embankment is consftucted on the 
uncompacted ash as in case of the upstieam method and the embankment can be 
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raised above its original ultimate design height without any serious limitaions and 
design modifications The placement and compaction control can be exercised as 
required ovei the entire fill opeiation Major diawback of this technique is that it 
requiies relatively large volume of fill to raise the embankment The final outside 
face of the embankment is not created until the constinction of last stage of 
disposal, which typically varies from 15 to 25 yeais. 

2,3.2. 3 Centerline method ' 

It is basically a type of downstieam method in which ciest of the 
embankment is not shifted in the downstream direction but raised vertically 
upwaid above the ciest of the staitei dam This method has many design 
construction, enviionmental and opeiational pioblems and as such it is geneially 
not adopted. The other drawbacks of this method are same as tliat of tlie 
downstream method of construction 

A detailed compiehensive opeiational plan for disposal sited must be 
developed as a pait of the constinction package Since the filling opeialion of a 
disposal site extends foi many yeais, engmeeiing and enviionmental controls aie 
extremely difficult to maintain unless a veiy specific plan exists In addition, with 
a detailed operation plan available, the disposal site can be moie easily modified to 
conform to changes in disposal legulations. 

2.4 In Situ Shear Strength Testing Methods 

Although theie aie several diiectand indiiect methods for evaluating the in- 
situ sheai strength of soil such as SPT, CPT, plate load test, vane shear test, 
piessuiemeter test and dilatometer test, but only Piezocone (CPT), Standard 
Penetiation Test and Plate Load Test aie discussed here as these weie the tests 
conducted at the two chosen sites. 
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2.4.1 Piezocone (CPT) 

Piezocone is a most latest version of static cone penefration test equipment 
and IS one of the most reliable test of measunng in situ shear sUength of soil. 
Piezocone has a cioss-seclional area of 10 cm^ and an apex angle of 60° . The 
fnction sleeve, located above the conical tip has the same diametei as that of cone 
tip. The cone is pushed into the ground with a constant speed of 2,0 cmVmin. The 
cone resistance (qc ) and sleeve fiiction ( fs ) is ineasmed independently and 
continuously with the penetration by means of load cell fixed inside the body of 
tlie instrument Piezocone also measures the poie watei piessure developed 
duiing penetiation With piezocone a pore pressuie dissipation lest can also be 
performed easily at the required depth At the depth at which a dissipation test is 
needed, the penetration is halted and measuiements are taken 

During the last decades seveial theories foi calculatmg sheai stiength 
paiameters have been presented fi'om cpt tests In addition, piu'ely empiiical 
conelations based on laboratoiy tests conducted undei controlled conditions have 
been suggested for estimating shear stiength parameteis and identifications of soil 
type. Several of these theories are summanzed below for calculating angle of 
fiiction (<t)) of cohesionless soil. 

2.4. 1.1 Angle of Infernal Friction ((j)') in cohesionless soils 

De Beer Method (1 945) 

De Beer's old' theoi'y is based on tlie assumption of an incompiessible 
mateiial and that cohesion can be neglected. This method originates fiom bearing 
capacity theoiy, This tlieoiy has been used widely, although it is resognised by the 
aulhoi (De Beei, 1974) that it gives veiy conseivative value of (|)' 


Meyer h of Methods (1961,1974) 
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Meyeihof (1961) has presented beaiing capacity factors foi vanous angles 
of internal fiiction for rough and smooth cones and wedges of different apex 
angles as shown in Figuie 2 5 con elation between limiting static cone resistance 
(The maximum value of qc obtained at a critical depth, below which the 
penetiation lesistance shows little or no increase with continued penetiation). 
Mitchel and Lunne ( 1978 ), found that this method gives (|)' - values reasonably 
well wheie qc does not mciease significantly beneath a certain depth i e in case 
wheie ciitical depth is found 

Muhs and Wetss Methods (1971) 

Based on large scale model footings on sand Mush and Weiss (1971) have 
lepoited the following relationship, 

Qc “ 0.8 N/ 

wheie qc is unit cone lesistance in kg/cm^ and is ordianry beanng capacity 
factoi. Because, N; depends only on (|)', one can compute mdiiectly. The result 
geneially applies to the bearing capacity computation of shallow footings. 

Janbii and Sennesei Method (1973,1974) 

Janbu and Sennset have pioposed a method foi detennining (|)' (effective) 
and, a (attraction) in sand and cohesive soils, which is based on beanng capacity 
theoiy modified by empirical obsei*vations This thoeiy applies to situations wheie 
qc piofile increases lineaily with depth in deposits assumed to have an 
appioximately constant (|), and C ovei the depth intei'val (Fig 2 6) The theoiy can 
best be described by a sti'aight line given by 
Xj = (a + a') tan (|)' 

in which , 

~ shear strength 

C 

a = ‘attraction’ (a = --;) , 

tan <p 



a' = the effective nonnal stress and 
(j)' = effective angle of internal friction 

The following formula is given for cone resistance, 

qc + a = N(7 (p'+ a) 
q/7 = (p'+ a) 

in which 

Np = Nry - 1 

qp = qc - p' - net cone resistance 

N<? = beanng capacity factor, depending on tan ([)'. 

Hence, by plotting qp versus effective oveibiuden p', one arrives at 
the following procedure of inteipretation . 

(I) Draw an average line tlnough the vaiiation of q/; with p', The (negative) 
intercept on the p^ axis equals atti action a , beacause q/? = 0 when p' = -a 
(ii) The slope of this line equals Np = - 1, Hence Np = - 1 yields tan Thus 

the value of (j)' can be calculated from tan (])' value 

Janbu and Senneset have given values of tan (()' and a, in the following table, 
foi the purpose of illustiating the older of magnitude obtained in die legion of 
Nomay. 


Typical Values ofStength Parameters by Janbu audi Senneset (1974) 


Soil Condition 

Friction tan (j)' 

Attraction a, KN/m^ 

Sand 

0.65-0.95 

0.900 

Silt 

0.50-0 70 

0 300 

Clay 

0.35-0.60 

0.120 


Mitchell and Lunne (1978), applied this theoiy for deteiTmning <|)' for 
numbei of tests sites and found that this method compare icasonably witli actual 
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measurements They confinned that if a stiaight line poition of the versus depth 
cannot be defined, Janbu and Senneset theory can not be used 

Trofmenkov Method (1974) 

A less consei’vative pioceduie than that of De Beei, with a semi-empnical 
basis , being used in USSR. A chatt for detennining (|) horn overburden pressure 
and cone resistance piesents this correlation, and is valid up to an effective 
overbuiden pressure of 1 Kg/cm^ This chart is shown m Figuie 2 7 

Durgunoglu and Mitchell method (1973, 1975) 

This theory is based upon the results of laboiatoiy tests. A rigid plastic, 
wedge-displacement bearing capacity theoiy was used, witli empirical 
modifications to take into account the circular shape of the cone The ultimate 
static cone penetiation resistance is given as 

Foi static penetration tests performed with a given cone theie aie many 
combinations of C and (|)' which satisfy the above equation for a given value of 
HjiYs If penetration data are available foi two sizes of cone, or if the sod deposit 
is homogeneous and the penetation lesistance is known at two depths, then 
specific values of C and f|)^ may be deteuninedd by simultaneous solution of two 
equations of the form of Equation , one foi each combination of qy’ and D/B 
values. Geneially it is easiei to eliminate C fioin the two equations and detcimine 
(j)' by tiial, For cohesioless soil the theoiy leads to 

in which qc = static cone point resistance 
= soil unit weight 
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B = cone diameter 

N,^^- Bearing capacity factor foi wedge penetiation ( plain strain ) 
shape factoi to convert wedte factors to cone factors. 

Therefore, the value oi can be calculated from the above equation, 

which is dependent on soil fiiction angle (|)' , base loughness 8 /(|>', lelative depth 
of penetiation D/B, lateial earth pressuie coefficient Ko“ and cone apex angle 2a 
Durguoglu and Mitchell (1975) have presented charts to calculate Nc,^c->^rq > 

^yq and theieby and c can be estimated indirectly 


Schmertmann Method (1975) 

This IS an mdiiect method for estimating (j>' through tlie lelative density (Dr) 
paiametei From the lesulls of chambei tests on nonnal consolidation, medium to 
fine diy and nearly satuiated sands carried out at the University of Floiida, 
Schmeitmann constiucted the curves shown in Figuie 2 8 (a) which aie also based 
in part on the lesults fiom the lelative density studies of Mississippi River sands 
below water table. After making estimate of Dr fiom Figuie2.8 (a), the value of 
can be estimated using the con elation given in Figine 2.8 (b) 

Ovei consolidated sands must be converted to theii equivalent normally 
consolidated qcbefoie entering Figiirc2.8 Following two equations can be used 
for this puipose if an independent estimate of the oveiconsolidation latio ( OCR ) 
or the insitu coefficient of the sand is known 




o _ 


^ONC 


= {OCR) 


0 (2 


^icKC 


f 

1 + 3/4 





where OCR = overconsolidation ratio 
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= lateral pressure 
coefficient 

Mitchell and Lunne (1978) applied this method to vadous CPT lesults and 
found that the value of <j)' estimated compaie well with other methods 


2.4. 1.2 Advantages and Disadvantages of these methods 

Each method has its own ments and dements and is applicable to a ceitam 
type of soil. De Beei’s theory has been used widely, although it is now recognised 
that it gives very conservative value of (j)^ Meyeihof s method gives values 
reasonably well wheie does not inciease significantly beneath a certain depth 
i e. in case where ciitical depth is found. Fuither disadvatage of Meyerhof theoiy 
(1961) IS that it can be used only for gianular soils having (|)' > 34°, Jambu and 
Senneset metliod compares leasonably with actual field measmeinents Howevei, 
the application of this theoiy requires a stiaight line plot of cone pressuie vs depth 
piofile Quite often it is difficult ot inteipret straight line piofile fiom actual field 
results. Tofimenkov method is simple to apply piovided the overburden piessure 
does not exceeds 1 Kg/cm^. This is a seiious limitation of this method and restricts 
its use to shallow depths only Durgunoglu and Mitchel method is based on 
laboiatoiy peneftaton test lesults and gives considerable high value of (j) . Fuither 
the interpietation in this method lequiies a lot of mathematical calculation to anive 
c and (|> values Schmeitmann method is easy to apply foi interpretation of the 
penetiation test results of noimally consolidated, medium to fine dry sands. In 
case of ovei consolidated sands, this method requires additional infonnation such 
as oveiconsolidation ratio and in-sitii lateral pressure coefficient (Ko) foi 
converting qc into qc nc 
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2.4.2 Standard Penetration Test 

The standard penetiation test, developed in 1927, is currently the most 
popular and economical means to obtain subsurface ingormarion The method has 
been standardized as ASTM D 1586 since 1958 with periodic revisions to date 
The same has been standaidized by Indian Standards too Prior to and after ASTM 
standardization it was regularly obseiwed that N values in adjacent boreholes weie 
not reproducible. Because of wide SPT use this pioblem received much attention - 
- fust by Gibbs and Holtz (1957) who considered overburden pressure and length 
of dull rod weie the principal causes of nonrepiducibility Beyond this not much 
was done until de Mello (1971) presented a comprehensive leteiature suiwey which 
started a focus on the driving energy {Schmeitmann (1975)} 

Conventional piactice is to do an SPT every 1 or 2m after penetrating the 
topsoil or stalling the first test at about 1 (o I’A m depth, Foi each test tliere is a 
sample recovery of about 460 mm including the seating depth to pliovide a visual 
profile of aioimd 50 peicent of the boiing depth 

Teizaghi and Peck (1967) and Peck et al (1974) have proposed empiiical 
conelations between the penetration resistance N, allowable beanng piessiue and 
other soil piopeities such as density index and angle of sheaimg resistance, etc. A 
con elation of penetiation with the angle of shearing resistance ^ given in Figure 
2 9. Studies indicate that the penetration resistance leflects both tlie insitu density 
index and the effective stress to the depth of testing ; therefore a number of 
combinations of stress level and density index may result in the same measured N 
value To anive at a standardized value of N foi use in empirical coiielation, an 
ovei burden piessiiie coirection is necessaiy Foi a constant density index, the N 
value increases with the inci easing effective oveibiuden pressiue for which 
corrections have been proposed by Gibbs and Holtz (1959), Thombum (1963) and 
others. 



2.4.3 Plate Load Test 

Plate loading tests may be peifonned either to determine the ultimate 
beaiing capacity of a matenal or to establish relationships between load and 
defoimation. Terzaghi and Peck (1948) give an excellent treatment of the 
conditions undei which load tests are suitable, the lequirements of the testing 
pioceduies, and the analysis of the test lesnlts The usual practice is to load small 
plates of diametei 12 inches or square of side 12x 12 inches Ultimate bearing 
capacity is found fiom the load settlement curve 

The beanng capacity and load defonnation modulus of granular soils are 
influenced by sui charge piessures due to the weiglit of matenal above and adjacent 
to the beanng area. If a plate bearing test is to be made below the existing ground 
surface and unless the prototype footmgs aie to be favomed by a significant depth 
of sui charge, it is necessary tliat the test pit be sufficiently laige to inimmize the 
effects of the sui charge in the beanng test. Tezaghi and Peck (1948) recommend 
that the pit be at least 5 times larger than the size of plate in sand 

To determine the shengtli paiameteis, plates of seveial sizes (at least thiee) 
ai*e used fiom which ultunate beanng capacity of each of the plate is calculated 
The beaiing capacity factors Nt , N/y and Ny aie calculated from these beanng 
capacity equations Since oui discussion is lestiicted here for cohesionless soil, 
theiefoic only N^/ and Ny aie lequiied to be calculated foi the evaluation of angle 
of intenial fiiction ‘(|)’. The coirelation between the angle of internal friction ‘(jj’ 
and bearing capacity factors is shown in Figuie2.9 as given by Peck, Hansen and 
Thornbuin 1953 which automatically incoiporates local shear failuie. 
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Tabic 2.1 : Chemical Composition Indian Ashes and Ash of Other Countjies 


Chemical 

ConslilTients 

Indian Ash 


1 Swedish 
ash 

UK 

Ash 

US 

Ash 

SiO, 

47 0-65 3 

48 41-70 5 

30 0 -53 0 

38,0-58 0 

30.0-58 0 

A 1,03 

16.0-32 0 

16 1-34 1 

14 0-33 0 

20 0-40 0 

7 0-38 0 


3 8-17.1 

1.7-19 6 

10 0-14.0 

6 0-16.0 

10 0-42 0 

CaO 

1 1-5 3 

0.56-11.87 

0.9-6 1 

2 0-10 0 

0 0-13 0 

MgO 

0 5-2.4 

0.1-3 68 

4 0-6.0 

1,0-3. 5 

0 0-3.0 

GO 

O 

0 1-3 2 

0 1-2 95 

1 6-3.5 

2 0-5 5 

0 4-2.0 






































31 




Material 



Bottom Ash* 

2 28 - 2 78 

Fly Ash 

USA^ 

Inclia'*'^’*' 

2 03 - 2 67 

1,84-2.67 

Pond Ash 

India"* 

UK^ 

Poland^ 

1 58 - 2 39 

2,10-2 24 

1 90-2.31 

Soils 

2.60-2.80 



1 Seals etal (1972) 

2 Martin et a) (1990) 

3 Skarzynskaet al(1989) 

4 Dayal et al (1989) 

5 Rajasekhai et al , 1995 

6 SivapuIIaiah et al , 1995 


Table 2,3 : Range of values for Particle Sizes {Sridliaraii,1995) 


Material 

Effective Size 
d|o (mm) 

dfto (mm) ' 

Uniformity * 
Coefficient | 

Coefficient of 
CiuTature 

Fly ash 

0.0027-0 02 

0.036-0,2 

13 3-10.0 

2 16-0 73 

Pond ash 

0.014-0.038 

0.1 -0,2 

7 1-53 

1.20 - 0.95 

BoUom ash 

0 08 -0.7 

0.46-6.4 

1 

j 5.8-9 1 

0.83 - 1.03 


Table 2.4 ; IMaximum Dr'y Density And Optimum Moisture Content 


Class of ash 

Mean Diy 

Optimum Moisture 


Density (gin/cc) 

content (%) 

Fly ash 

1.21 

29 8 

Coarse ash 

1 34 

25 8 

Combined ash 

1.3 

26.8 
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Table 2.5 : Values of Coefficient of Peimeability for Ashes 


Material 


Reference 

Lagoon Ash 

Poland 

India 

1 5xl0"'to 5x10'^ 

4 6 xl0‘'*to IxlO”'* 

Skaizynska et ah, 1989 
Dayal et al , 1988,1989 

Indian fly ash 

10~* to 

Rajashekhai, 1995 

Biitish fly ash 

8x10'^ to 5x10"’ 

Giay and Yen-Kuaiig 

Lin, 1972 

Swedish fly ash 

10"^ to LO"’ 

- do - 

Western fly ash 

1 65xl0“5(ave) 

Dayal el al, 1988,1989 

ASTM class C fly ash 

2x10"’ to 1x10"’ 

Yudhbii & Honjo, 1991 

ASTM class F fly ash 

6x10"^ to 2x10"* 

- do “ 

Bottom ash 

3 6xl0"'‘to2 4xl0"'* 

Dayal et al , 1988, 1989 

Western bottom ash 

3x10"’ to 3x10“^ 

- do - 

Giavel 

10 to 1 

“ do - 

Sand 

1 to 10"'* 

- do - 

Silt 

10"’ to 10"’ 

- do - 

Clay 

xlO"’ 

- do - 






































Pond ash (Dayal al.,1988 1989) 
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FIG.2.1 TYPICAL GRAIN SIZE DISTRIBUTION CURVES FOR 
COAL ASH 


cn 

1.2 


^ 1 : Yudhblr and Honjo,1990 
2,3 Dayal el al. ,1988 
4,5 Dayal et aL,1989 



0 20 40 

Water content (7o) 

FIG.2.2 COMPACTION CHARACTERISTICS 
OF POND ASH 
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FIG, 2.3 ANGLE OF INTERNAL FRICTION - DRY UNIT 
WEIGHT RELATIONSHIP FOR BITUMINOUS 
FLY ASH (AFTER DIGiOIA AND GRAY (1979). 


o DIRECT SHEAR TESTS -UNSATURATED 
C3 TRIAXIAL SHEAR TESTS - UNSATURATED 
a TRIAXIAL SHEAR TESTS-PARTIALLY SATURATED 
■ TRIAXIAL SHEAR TESTS - SATURATED 

KSTPP ASH (cD TESTS) 

A FLYA5H CU TEST AT 100 V. SPDD 

♦ COMBINED niA AT 100 V. SPDD 

♦ COMBINED IIIB AT 100 V. SPDD 

♦ COMBINED IIIA AT 95 V. SPDD 
„ G COMBINED niB AT 05V. SPDD 

O COMBINED IIIA AT 90V. SPDD 
0 COMBINED rUB AT 90 V. SPDD 
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FIG.Z^HETHOOS OF RAISING DYKE HEIGHT 
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(a) Principle of interpretation 
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FIG 2.6 JANBU & SENNESET METHOD FOR 
determining AND a FROM OPT 

SOUNDING LOG 





Effective overburden 
pressure 


Q-CPT bearing capacity 



FIG. 2.7 METHOD FOR ESTIMATING 4 FROM q 
REPORTED IN USE IN USSR 
(Trotimenkov method, 1974 ) 
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FIG.2 8 b. 
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Vertical effective stress kgf/cm^ 

Q-CPT BEARING CAPACITY TO ESTIMATE RELATIVE 
DENSITY IN NORMALLY CONSOLIDATED SILTY FINE 
TO UNIFORM MEDIUM SANDS;(SchmertmQnn 1975) 


X 

3 29 



Relative density Dr, in percent 

APPROXIMATE CORRELATION BETWEEN pi' AND Dp 
IN QUARTZ SANDS (Schmertmann 1975) 


Bearing-capacity factors, Ny snd Nq 


1 



28 30 32 34 36 38 40 42 44 46 

Angle of internal friction, (f) (degrees) 


Fig, 2.9 Bearing capacity factors which automatically 
incorporate allowance for local shear failure (From Peck, 
Manscn, and Tliornbiun, 1953). 
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2.5 Pollution Factors 


Land is the primai’y and most essential resouice foi sustenance of living 
oigamsins in the biosphere The cultuial evolution of a man an important 
component of biosphere has led to the utilization of natural resouices by 
industrialization and urbanization In these ventures, injudicious planning has 
ultimately resulted in seiious environmental hazards jeopardizing man’s own 
existence Development programmes and unabated urban growth as a consequence 
of fast development of mdustiial activities place an mci easing strain on tlie 
infiasti*uctuial facilities as well as an, watei and land lesouices in the country 
With inci easing indusliialization, pollution contol by vaiious means is going to be 
a majoi concern and challenge for technologists of twenty fust century. Tlie 
pioduction of eneigy by thennal powei plants ( TPPs) ranks at the top of the 
pollution intensive industries The pollutants geneiated in this mdustiy 
contaminate air, water, and biota in the zone of influence which ultimately find its 
lespite on the land. 

Two majoi souices of pollution can occui fiom ash disposal area 
installations which is an home and water-borne 

2.5J Air-Borne Pollution 

Ail bonie pollution is caused by wind and ti’affic movement both fi'om the 
mound and fiom any unsiufaced access loads The constiTiction area in case of ash 
mound is paiticulaily vulnerable until piotection on landscaping is completed Ait 
borne dust lesultmg fiom wind blowing over unpiotected waste embankments and 
dried slmry material can be harmful to vegetation The tiansportation and 
deposition of fly ash can cieate a considerable amount of fine pairiculate mattei 
that is susceptible to wind erosion. Exposed fly ash is also subjected to 
compaction and crushing by machinery and is furthei detenoiated by physical 
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weatheiing and chemical decomposition Fugitive ash was the majoi problem in 
Koiba 

Mitigatory Measures : 

Theie are certain piecautionary measures which has be considered 
before deciding the location of the fly ash dyke These aic 

• The location of Ash pond/inound is such that the piedominant wmd direction is 
towaids the ash disposal area, unlike Korba where the whole of the fugitive 
ash blows towaids the city ft om NTPC's ash dyke. 

• Ash disposal aiea to be located away finm inhabitation as far as possible 

Theie aie certain methods wliich are although a time consuming 
pi 0 cess but still aie the most fiequently used methods, for the prevention of ash to 
be ail borne such as listed below *- 

• Establishing wind breaks of trees or hedgerows that alter both the direction and 
velocity of wind ovei tlie ash pond 

• Providing gioimd cover by planting wild grass to aiiest the ash being an -borne 

In situations lequiriiig a relatively quick dust control pioceduie or 
wheie vegetation is for some leasoii impractical, stabilization has been achieved 
using vaiious commeicial chemical agents. Chemical seals have been obtained 
through ’ 

> 

• The spreading of a lime chip sodium silicate or potassium silicate topdiessing 
ovei the ash pond. 

• The use of a lesinous or bituminous- base adhesive 

• The use of calcium, ammonium and sodium lignin-sulfonates and bark tracts 

• Resin and wax emulsions or neoprene 

t Elastomeric oiganic polymeis ( Coalgate, et al,l973 ; Dean and Havens, 
1972 ; and Eigenbrod, 1971 ) 

But there aie then certain methods which are fastei as well as easy 
preventive measures than listed above such as 
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• Pioviding water-covei over the filled pond aiea, as done at KSTPP ash dyke 
and BTPS ash dyke in case of active pond. 

• Watei sprinkling system during the constinction of ash mound This method 
was lecently being used in Koiba, wheie the slurry discharge outlet was 
coveied by a plate with holes aiianged in such a way that it formed seveial jets 
of ash sluny and thus in this way the nearby portion of pond was always kept 
moist 

• Applying a stabilizing layei of soil or baik mulch over the pond. 

• Disking stiaw into the top few inches of the ash pond. 

2.5.2 Water Borne-Pollution 

Watei borne pollution is caused eithei due to soluble contents fiom fly ash 
01 through leaching action to subsurface water and also suspended solids thiough 
its effluents Although a variety of water quality pioblems can be created by fly 
ash drainage, the most common tyjies of pollution are :(i) increased turbidity and 
suspended solids, and (ii) watei quality degiadation due to acidic leachates The 
walei pollution pioblems cieated by some fly ash can be very serious. Fly ash 
leachates are most often quite acidic, usually contain elevated concentiations of 
trace metals such as non , aluminum and manganese and are also quite corrosive 
Since it also contains As, Pb and Hg which aie hannfiil for human population. 

2.5.2. 1 Turbidity and suspended solids 

Inadequate filtiation techniques can create heavy loads of suspended solids 
m seepages and diainages from ash dykes which degrades aquatic ecosystems 
When these solutions reach stieams and/oi lakes, tiu'bidity is incieased and light 
penetiation is leduced, thus lowcimg aquatic food production Much of the 
suspended material eventually settles out of solution in the fonn of silt, and 
thereby decreases both the size and the quality of the aquatic habitat 
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However, since total prevention of erosion is difficult, additional 
proceduies have been developed to control the amount of suspended solids 
reaching streams 

Prevention - 

Any time soil and other eaithen material are exposed to weathering, eiosion 
and siltation occur The following measures can be implemented to minimize their 
occuiTence ^ 

* Location of ash pond/mound area having low groimd peimeabiiity, as far as 
possible 

Pioviston of giaded-filteis in decanting towers for filtiation of ash pond 
effluents. 

* Tmfing of Ash-dyke to prevent seepage flom ash pond. 

* The stripping of vegetation from a disposal site should be limited to only that 
aiea which is immediately needed foi constiuction. Futuie fill areas should be 
stnpped only as they aie needed ; 

^ Topsoil that is lemoved for the constimction are stockpiled for future use in 
planting should be stoied in a mannei that minimizes eiosion ; 

* Dimng the constiuction process, caie should be taken to pieserve vegetation on 
areas penpheral to the disturbed constiuction aiea , 

* Tempoiaiy collection ditches leading to tempoiary settling basins should be 
consti acted at the downstream end of the construction site ; and 

* All exposed fill material should be graded in a manner that discourages nmoff 
ovei the downstieam face of the embankment 

Control- 

As indicated above, the pievention of all erosion and siltation during 
construction is difficult Control pioceduies have theiefore been developed foi 
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1 educing the amount of suspended mateiial entenng stieams These procedures 
include ' 

Settling Basin - Settling basins aie structures designed to inteicept and letain 
watei borne sediment and debris They are pnmanly intended for use during a 
constiuction opeiation and piioi to the establishment of vegetation on the 
distuibed area These catchment structuies aie normally not intended to letain 
water for long penods and aie usually diy except aftei rainstorms 

Erosion Control Netting- Erosion conliol netting can be used to stabilize fieshly 
seeded diainage or diversion ditches, until such time that a covei of vegetation is 
established. Once these ditches aie seeded and mulched, a biodegradable netting 
mateiial can be placed along the ditch suifaces and stapled in place This netting 
holds the mulch, seed and soil until after geimination and the establishment of a 
root system. 

Vegetation - Eiosion and stieam tuibidity are best minimized by establishing a 
protective layer of vegetation on embanlcment slopes and along exposed ditch 
surfaces. The establislnnent of glasses in diainage ditches i educes then flow 
velocity and thcieby piotects the interioi faces form eiosion 

Chemical precipitation - In some instances wheie veiy fine paiticles of material 
are suspended , the amount of time required for natuial settlement oi clarification 
in a settling basin is quite lengthy In such cases, clarification can be accelerated 
using chemical flocculeiits such as high density polyelectiolytes. By altering the 
electncal balance of the suspended material, particles aie attracted to each other 
and foim aggregated that are too laige to remain in solution Both types of 
precipitate lapidly settle to tlie bottom of the settling basin and form a sludge like 
deposit, Continuous sludge removal is required dmmg this type of operation in 
order to sustain the capacity of the system 
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2.5.2.1 Acidity 

Acid diainage is piobably most threatening water quality problem 
associated with coal ash Waste constituents such as Fe^ Al, Ca, Cl, SO 4 and 
SO 3 are not generally legaided as hazardous They aie included m secondary 
drinking watei standards But the concentiatron of As, Cd, Cr, Hg, Nr and Pb as 
low as 0.01 mg/1 can have serious effects on certam aquatic species. The standards 
lard by Central Pollution Conti ol Board for ash pond effluent are - 
pH 65^85 

suspended solids 100 mg/1 

oil and grease 20 mg/1 

The presence of trace metals like arsemc, cadmium, vanadium etc. even 
though m veiy small amounts can be veiy harmful to hiunan population as well as 
to plants and animals. Being highly toxic, these metals can cause severe 
poisonmg and several other health hazards to human habitations located around tire 
thermal plants burning coal. The water though ash pond can cause leaching of 
heavy metals into the subsurface and ground water in and around ash pond. When 
leachates percolate into the ground water, aquifers can become polluted and tlius 
drinking water obtained fiom these soiuces can create health pioblerns 

In Older to protect nearby streams, the acid leachates must be treated after 
they leave an embankment, but pnor to entering the natmal di*ainageways 
Although many methods for treating acid mine drainage exists, only a few have 
been extensively used for coal ash. These have all involve, in one form or another, 
the neutralization of the acid drainage. These experimental treatment methods 
include * reverse osmosis, dilution , sodium treatment , miciobial inhibition, hgh 
energy radiation, distillation, ion exchange, foam sepaiation, use of latex, freezing 
and some ozone ixidation 

The more common method of treating acid diainage is by neuti'ahzing the 
leachates. Theie are many alkaline reagents that can be used to neutralize acid 
drainage such as listed below . 
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Table 2.6 : Relative Efficiency of Reagents 


Reagent 

Chemical Fonniila 

Relative Efficiency 

Limestone 

CaC 03 

0 80 

Quick Lime 

CaO 

0 90 

Hydiated Lime 

Ca(OH), 

0 95 

Caustic Soda 

NaOH 

0.99 

Soda Ash 

Naj CO 3 

0 99 


The above efficiency ratings aie dependent upon a niimbei of factors, 
however, the pnncipal determinant is the solubility of the leagent in water If 
enough neulializei is added to the drainage, the solution may even become alkaline 
and liee of most harmful metals 

2.5,3 Suggested Measures For Pollution Control For Ash 
Ponds And Ash Mounds 

Apait from the measuies taken to minimize the pollution level in ash 
disposal aieas, there aie many schemes/pioposals being sought for new powei 
piojects. The important pi o visions are . 

a) Recii dilation of Ash Pond Effluent * 

The ash pond effluent shall be leciiculated foi the use inplant and 
disposal of ash in wet conditions If lecii dilations is adopted the overflow of 
lagoons will be tieated suitably and hence, iheie may not be any need for providing 
filter ponds. This will consei've water foi plant use. 

b) Ash Pond Lining 

There is no definite conscliision available that the leachates of Indian 
ash is polluting the giound water THE chemical analysis of ash fioni various 
NTPC piojects, indicate that the amount of hannful elements picsent in the 
effluent of ash pond aie fai below the allowable limit. 
















The piovision of lining may be based on geological coiiditon of aiea 
as well as result of monitoring of effluents 

c) S pTmkhnn of WTP Sludge on Ash Pond ' 

This IS an innovative measuie taken by Badaipul Thennal Power 
Station of NTPC by spi inkling the watei tieatment plant sludge on completed 
surface of ash pond This has lesulted into 3 fold advantage 
I Conti oiled the fugitive dust emission by forming a thin film on the finished 
surface of ash 

IT Enhanced the feilility of ash foi giownth of vegetation and ground cover 
III The disposal of WTP sludge, othcmise a waste matenal, is dispensed-witli 

d) Affoicstation 

Plantation of saplings in abondoned/completed ash pond area is an 
impoitant measuie of pollution contiol For tlie improvement and enncliing the 
ash sutfacc m oidei to piopogate and mamtain vigoious vegetation growth, the 
selection of species is an impoitant ciitena 

e) Landscaping 

To ensiiie long teim stability and to give an environmentally 
acceptable appeal ance to the ash mound the surface is to be landscaped with 
appiopiiate vegetation aftei tiial. 

2.5.3. 1 Monitoring Systems 

To control the paiamcteis causing pollution ist is impeiative to have an 
effective inoniloiing systems. Following paiameteis aie monitoied legulaily for 
ash management systems 

• Fugitive Dust Emission Level 

• Ambient Ah Quality 

• Ambient Watei Quality 


• Ash Pond Effluent 


Chapter 3 


Instrumentation 


3.1 General 

Tlieie arc several vaneties of geotechnical insti uments used for monitoring 
of the performance of stiuclures In case of eaith dams the piimary concern is the 
hoiizontal, veitical movements and pore waiei piessuie built up in the body of 
dam. In older to monitoi the peifoimance of ash dyke duiing constiiiction and 
opeiation, the following msti uments weie installed at Koiba Svipei Theimal Power 
Plant ash dyke 

1. Settlement Plate 

2. Piezo me tei 
3 Inclinometer 
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3.2 Settlement Plate 

Settlement Plate has been installed to measiiie the consolidation of the 
lagoon ash below the ciest of the ash embanlanent The device is designed to 
measuie the consolidation settlement of the settled ash and the total settlement of 
the embankment 

The settlement plate unit consists of a base plate section, an anchor cross 
aim section, and pipes of diametei of 0 04 and 0 05 m pipe A typical mstallation 
detail is shown in Figuie 3. 1 The base plate section consists of 0 075 m medium 
weight steel channel to which two flat plates aie welded This channel is then 
boiled and welded to a length of 40 mm diameter standaid steel pipe This unit is 
then nested in a section of 50 mm standard steel pipe anchored into the lagoon ash. 
An anchor cross aim is attached to the 50 mm pipe, 0.10 m above the base plate 
The base plate is installed on a prepaied suiface at an elevation at which the 
settlement is desired. At the center of the plates a steel user pipe or lod is 
connected. As the fill is constincted, the nser is extended, with the top kept a few 
feet above oi below the suiface of the fill, as may be lequned by job conditions, to 
pi event damage to the user by equipment to measuie the consolidation of the 
embankment This entiie apparatus is installed as the embankment is constincted 
Readings are taken by loweimg the reading piobe into the 50 min pipe and leading 
the distance to the base plate, The elevation of the top of pipe is also determined 
The leadings aie taken at inteiYals of one month foi firsts six months after the 
construction and llicieanci at two months inteiwals using theodolite. 


The construction sequence operations ate 

* Aftci removal of ash from the lagoon to 0.5 m below the settled ash, a hole of 
at least 75 mm is drilled to a depth of 1 5 m 

* Clean pea giavel oi river giavel of 6 to 10 mm size aic placed to a depth of 
0.15m in the boie hole. 


PVC pipe is placed in the boie hole with peiforations at the bottom. 

CENTRst i.oRARV 
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* Aiea aiound the pipe is backfilled with 6 to 10 mm clean pea gravel or river 
giavel until the mateiial coveis the perfoiated length of 1 0 m of the pipe 

* 0.25 in Bentonite plug is placed by pouring diy bentonite balls around the pipe 
and tamping with a steel lod 

The magnitude of the foundation settlement of an embankment depends on 
the height (weight) of the embankment, the depth and thickness of the 
compiessible stiatum within the foundation, and the compiession indexes of the 
foundation mateiial. Fiom these obseivations a time settlement lecoid of the plates 
is obtained 


33 Piezometer 

The long temi stability of a slope, to a laige extent depends on the poie 
watei piessuie which develops along potential sliding surface Piezometeis are 
used to ineasiue the hydiostatic oi excess watei piessuie in the poies of saturated 
soils Infoimation on these neiilial sti esses is important in the study of bearing 
capacity, earth piessures, settlement and stability of slopes Theie aie foui basic 
types of piezometeis available commercially , open stand pipe, hydiaulic, 
pneumatic and electronic Since fly ash geneially have high peimeability therefore 
open pipe stand U'pe of piezometer is quite suitable and most economical It works 
on the pnnciple of obseivalion wells. The piezometei consists of plastic pipe 
winch extends fiom the lip elevation shown in the Figm*e 3 2 to the top of fill 

The watei level in the stand pipe can be measured to an accmacy of 0.01 m 
using several de\ices, including the plumb bob, cloth or metal surveyor’s tapes 
coated with chalk oi commeicially available electiical indicatois. In oidei to 
monitoi the piezomehic level within the fill m KSTPP ash pond full perforated 
pipe piezometeis of 38 mm diameter have been installed and electiical indicators 
are used to measiiie the watei level in piezometer An electric indicatoi consists of 
a probe which is inserted through the open stand pipe and as soon as the probe 
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meets the walei level the sound box gives an alarm The piezometer level is 
geneially taken at one week inteml 


3.4 Inclinometer 

Inclinometeis aie used to monitoi lateial earth movements in land slide 
aieas and embankments They can also monitoi deflection of retaining walls and 
piles. Hoiizontal inclinometeis are used to monitor settlement in foundations and 
embankments. An mclinometei system includes mclmometei casing, an 
mclinometei piobe, control cable and mclinometei readout unit. The mclmometei 
used dining the investigation was manufactuied by Slope Indicator company, a 
Boait Longyeai gioup company, Seattle, USA 

3.4.1 Inclinometer Assembly 

3.4.1. 1 Inclinometer Probe 

The Digitilt mclmometei probe is piecision device The mclinometei 
piobe IS used to suivey the casing and establish its initial position. Probe does not 
mcasuie the displacement diiectly. Instead, it measuie the inclination ( tilt ) of the 
casing Displacement is calculated fiom changes in inclination. Inclination is 
measuicd by two foicc-balance acceleiometeis One acceleioineter measui^es tilt in 
the plane of the inclinometer wheels (the “ A ’’axis) The othei acceleiometei 
mcasuics till m a vcitical plane perpendiculai to the wheels (the “ B” axis) 
Dining the siiiTcy, the probe is diawn upwaids fiom the bottom of the casing to 
the lop. It is halted at half-metei inteivals for inclination measmements. 

3.4. 1.2 Casing 

The casing used with inclmometei is made up of Aluminum with 
Epoxy coating over it. The cavsing has a outside diameter of 3.5 inches (8.89 cm) 
and inside diametei of 2.875 inches (7,3 cm) It consists of four grooves 
perpendicular to each othei. These grooves helps the wheel of the mclinometei 
piobe to travel in (he lequued diiection These grooves aie teimed as AO, A 180, 
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BO and B180 and their dnections are shown m Figure 33 (c). AO is used as a 
lefeieiice gioove and should be maiked on the casing. Inclinometei casing is 
typically installed in a near vertical boi e-hole that passes through a zone of 
suspected movement The bottom of casing is anchoied m stable ground and 
seiwes as a lefeience. Giound movement causes the casing to move fioin it’s initial 
position to a new position The late, depth, and magnitude of this displacement is 
calculated by compaiing data fiom the initial survey to tlie data from subsequent 
suiveys 

3.4. 1.3 Control Cable 

Digililt contiol cable is used to contiol the depth of the inclinometer 
piobe. It also conducts power and signals between the piobe and tlie leadout It is 
durable and easy to handle and the cable stays flexible in extieme tempeiatuies and 
lesists chemicals and abrasions. A steel sb'ain wire and special binders provide 
excellent dimensional stability. Flexible mbbei depth marks are pennanently 
vulcanized to the cable jacket. The marks cannot loosen and slide along the cable 
and have no ngid edges that can damage the cable jacket and conductors Metnc 
cables aie giadualcd with yellow maiks at 0 5 m intervals and red marks at 1 m 
inteiwal, 

3.4. 1.4 DataMate 

The Digitilt DataMate is a compact inclinometei leadout that lecord 
data fiom a Digililt inclinometei piobe The DataMate stores over 10,000 data 
points in uj 3 to 40 data sets. The DataMate Manager softwaie (DMM) is an 
integral part of the DataMate system DMM creates a pioject database that holds 
lecoids of inclinometei installations and data from inclinometei surveys and is 
used to tiansfei data from the DataMate to the pioject database on the computer. 
DMM can also generate simple reports and giaphs 

3.4. 1.5 Digipro 

Digipio designed to speed the handling and interpietation of 
inclinometer data It can perfoim sophisticated data manipulation and pioduce 
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outstanding giaphs such as displacement (movement), deviation (piofile) and 
displacement vs time It can also geneiate and lotate three-dimensional graphs. 

3.4,2 Data Recording and Display 

Dining the siii'vey, the piobe is diawn upwaids fioin the bottom of 
the casing to the top It is halted at half-metei inteivals fonn inclination 
measuiements A full data set includes both 0 and 180 degree leadings foi each 
axis The sign of the 180 leadings is opposite that of the 0 readings since the piobe 
IS rotated 180 degrees Ideally the two leadings for each depth would be identical 
except foi the sign, but sensoi offset and sensor placement introduce diffeiences 
To eliminate offset enors, the probe is diawn through the casing twice On the 
second pass, the piobe is rotated 180 degrees Dunng data leduction, the 0 and 
180 degree data aie merged Theiefoie, the two readings aie aveiaged by finding 
the algebraic differ ence of the two values and dividing by two. The dataset thus 
recorded is tiansfened to the computei which reproduce the following types of 
giaphs 

Cumulative Deviation 

* Incieinental Deviation 

* Cuiniilalive Displacement 

* Inciemental Displacement 

Deviation is calculated fiom the tilt of the casing . Incremental deviation is 
the deviation that occuis at a single mteival Cumulative deviation is the sum of 
inciemental deviations The giaphs of cumulative deviation show the piofile of the 
casing refeiencecl to a fixed point at the bottom oi top of the casing The plotted 
point at any inteival is (he sum of incremental deviations up to and including that 
interval The fixed point appears at the bottom of the plot with a valve of zero 

Displacement is the distance that the casing has moved A giaph of 
displacement shows changes in the position of the casing. In contrast, giaph of 
deviation shows the actual position of the casing. Displacement is always 
calculated by cornpaiing a “cunent” data set to an “initial data set. Digipro 
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subtTticts the initial deviation at each intei*va] fiom the cuiTent deviation at the same 
inleivals, The lesiilt is called incTcnicntol displacetitent, Tlie sum of the 
incieinental displacements is called cumulative displacement 


Cumulative Displacement,, = Dj +D 2 +D 3 -t- . . ..+D„ 

wheieD= Deviation 

The incieinental displacement graph makes it easy to find the zone wheie 
maximum movement is occiimng 

Inciemental Displacement = 


3.4.3 Working Mechanism 

Converting Reading Units to Lateral Deviations 

Readings displayed by a Digihlt indicator are propoitional to the angle of 
tilt (0). With a metiic piobe, the indicator displays readings as sin0 x 25000 With 
an English probe, the leadings are displayed as sinO x2000 

Nonnally, leading units aie converted to lateral deviation by 
compulei softmie, such as the DMM oi the Digipio piogiammes The method that 
it adopts for convcision is as shown below : 

Supposing tiiat flie manual leading that the indicator shows with a metric 
piobe is as given below 


Manual mode . Meti ic 
A=32l B=-289 


Divide the leading by 25000 to obtain the sinO value for each axis. 

321 

sinO ( A axis ) =— 

^ ^ 25000 


= 0 01284 
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sm0 ( B axis ) = 

^ 25000 

= -0 01192 

Now multi])ly sinO by the measurement intei'val Tlie mtei'val used with 
mctiic piobes is typically 0 5 m oi 500 mm 

Laleial Deviation ( A- axis ) = 0 0128 x 500 min 

= 6 42 

Lateial Deviation ( B- axis ) = -0 01 19 x 500 mm 

= -5 96 mm 

Theicfoie it could be said that a lateial deviation 6 42 mm occuis 
in AO diicection and -5 96 mrn m BO diiection oi +5.96 m B180 dn ection 
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Fig, 3,3 Inclinometer details 
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Chapter 4 


Testing Programme 


4.1 General 

Two sites weie chosen for the post construction inonitoiing of ash 
dykes, one at Koiba Super Theimal Power Plant (KSTPP), Korba in Bilaspur 
Distiict and the other at Badaipur Themial Power Station (BTPS), New Delhi. 
Necessaiy Held and laboiatoiy tests weie conducted at both of these sites. 
Standard Penetration Tests weie peiformed at KSTPP and BTPS ash dyke sites 
Piezo cone tests weie also conducted at BTPS ash dyke site, Existing correlation 
between field tests and geotechnical paiameters were used to evaluate the shear 
strength piopeities of ash. To measuie the horizontal and vertical movements 
within the ash embankment constnicted ovei the lagoon ash, settlement plate and 
inclinometers weie installed at KSTPP ash dyke, in addition to piezometeis 
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4.2 Site Selection 

The ash dyke site of Koiba Super Thennal Power Plant (KSTPP), 
Koiba was chosen as it is the fiist detailed designed ash pond which is raised by 
upstream method of constniction utilizing ash as a main dyke consti'uctional 
mateiial The scheme has been implemented ovei a decade ago and smee then four 
stages of effective height 3 m each have been raised. This is only site in India 
where so many stages have already been constmeted Thus tlus site has a 
tiemendous importance as it not only utilizes its ash for constructmg further 
raisings but also gives a new diiection to the nation’s other Therma Power Plants. 
Thus monitoiing of ash dyke at KSTPP was a must This site would pi o vide a 
good check over the assumption of design paiameters and functionmg of the ash 
dyke and eventually may lead to some modifications in the design assumptions, if 
found necessary during (he course of monitormg 

The othei ash dyke chosen was Badarpm Theimal Power Station (DTPS), 
New Delhi, as witli many other sites in India, this site has also undergone only one 
laising so fai and additional laising shall be conducted in the near fiiture. Since this 
site IS located in Delhi, it is veiy convement from logistic pomt of view and 
cumbeisome field testing such as Piezocone test could easily be performed At this 
site, there’s a stiict check over the pollution caused by the disposal of ash either m 
air 01 water, therefoie it piovides an additional impetus from enviionmental point 
of view. Many of the di'awbacks of KSTPP ash dyke such as the problem of 
fugitive ash, high concentiation of ash in final discharge of watei into iiver etc 
were minimized at DTPS ash dyke, Another important consideiation was that 
DTPS ash dyke lies in seismic zone IV which is an earth -quake pi one aiea as 
compaied to KSTPP site which lies in zone I. 

4.3 Site Description 

Desciiption of the existing conditions at the selected sites of KSTPP 
and DTPS ash dyke me sumniaiized here The summary of design details of 
KSTPP ash dyke has also been piesented in this section Since the design of DTPS 
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ash dyke is siintlar to that of KSTPP ash dyke, therefore the design details of the 
foimei has been omitted 

4.3.1 Korba Super Thermal Power Plant (KSTPP) 

The existing ash disposal site is located neai Koiba Super Thermal 
Power Plant, Korba, in Bilaspui District of Madhya Piadesh The Korba Super 
Thermal Power Project has an approved ultimate mstallation capacity of 2100 
MW The coal source and water source of the power plant aie Kusmunda Block 
Gevia Mines and Hasdeo River respectively The ash production foi each 200 MW 
and 500 MW units are 60 T/lir and 150 T/hi, lespectively , amounting an yearly 
production of 3.5 million toimes of ash from all the six units The maximum slurry 
dischargers 5600cum/hi. 

The ash produced at KSTPP is mixed with watei and pumped to the ash 
disposal site through pipe lines The ash disposal area is appiox. 750 acies with 
earthen dykes all around to fonn a lagoon. Divide bimds acioss the dyke 
separates the lagoon into thiee paits. The existing ash disposal system at KSTPP 
ash dyke is shown in Figuie 4.1 The outer startei dyke has the crest elevation of 
286 m and the divide bimd has the crest elevaton of 284 m., while the onginal 
ground level is at an elevation of 280 -282.5 m. Five addtional stages of an 
effective height of 3 m each has been pioposed for the laisings of the original 
slaiter dyke. So far, thiee raising has alieady been constructed and the fouith 
raising is in progress, thus a crest elevation of 295 m foi the thud laising has 
already been achieved successfully. At the time of field investigation in the month 
of Decembei 1996 the ash was bemg discharged into Lagoon 11 wluch was nearly 
full and the third raising of lagoon III was just completed. Hence anangements 
weie being made to shift the dischaige fi‘om lagoon II As shown m Figuie 4 1 
lagoon ni is very small and theiefoie, by die time lagoon III is half filled, lagoon I 
should be ready for receiving the ash sluiTy Ash sluiry discharged into tlie lagoon 
is allowed to stagnate and the ash particles settle down at the bottom leaving 
almost a clear water at the top. This clear water and the ram water collected 
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within the pond is drawn out through tower type decanting water escape stiuctures 
provided within the lagoons 

4.3. 1. 1 Summary of Ash Disposal Facility Design 

The ash refuse disposal plan is provided foi the disposal of ash 
produced at KSTPP for a peiiod of 25 years. The design was based on the field 
investigation and laboiatoiy testing of KSTPP ash, in situ soil and borrow material. 
In all cases the dyke has been constructed by upstream method on die settled ash 
bed, using ash as the main constructional mateiial. The cross- section of complete 
ash embankment is shown in Figure 4.2 and cross-sectional details of ash dyke in 
Figuie 4.3 . The ash disposal facility design includes 

Stage I This existing stage includes an outer dyke constructed to El 286 0 m 
using earth mateiial compacted to designed density Divide bunds, constructed to 
El 284.0 m using eartli mateiial, sepaiates the lagoon in thiee parts viz Lagoon I, 
II and III The outer dyke consists of internal diainage system and rock drain The 
divide bund has no internal diainage system 

Stage II This Stage includes the raising of the divide bimd to ciest El 289 0 m 
by upstream method of construction. The ash embankment has been compacted to 
required density and consists of internal diainage system. The entire ash 
embankment has been then covered with soil cover and the finished surface has 
been vegetated Each stage of ash dyke consists of internal diainage system and 
lock toe-drain. 

Stage 11 through Stage VI : Stages II thiough VI would be continued to laise 
the dyke ciest by upstream construction method using lagoon ash in a controlled 
fashion above settled lagoon ash placed dunng pievious stages At piesent there 
has been a total raising iipto stage IV i e. thiee laisings has alieady been done 
using pond ash as a main construction mateiial Each stage of embankment ciest 
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has an effective height of 3 in In stages II, III, IV, V and VI embankment crest is 
laised to El. 289 0 in, El 292.0 m, El. 295 0 m, El 298.0 m and El 301 0 m, 
lespectively 

Internal Drainage System : A contmuos intenial drainage system has been 
installed for the raising of outer dyke to collect seepage water througli the body of 
entire embankment A diainage blanket of 0.5 m thickness has been laid at a deptli 
of 3.5 m fiom the ciest of each embankment The seepage water collected through 
the drainage blanket is earned away by perfoiated PVC pipe of a minimum 
diamctei of 75 mm piovide along the toe of ash dyke at 30 m c/c Finally the 
discharge is carried out thiough a system of precast concrete channel beyond the 
existing dyke Chimney drains aie not provided in divide bunds, since divide bunds 
does not leqmie a contmuos internal diainage system, as each pievious stage will 
be biiiied completely by deposition of ash on both upstream and downstieam sides. 

There aie five watei escape stiuctuies called 'wells one m lagoon I and 
two m each of the lagoon 11 and III. These filteied watei tlms collected through 
these wells aie then taken to the filteiing unit from where it is discharged into 
livei. The limit of 100 ppm of ash effluent is successfully achieved through this 
tyjie of anangement. 

4,3,2 Badarpiir Thermal Power Station (BTPS) 

Badatpur Thermal Powei Station (BTPS) is located at New Delhi- 
Haiyana bolder and has a installed capacity of 720 MW The BTPS Ash Disposal 
site is on the western bank of nvei yamuna It occupies an area of approximately 
885 acies. The key plan of the ash disposal site is as shown in the Figuie 4 4. Out 
of total five phases, phase I through IV have aheady been constricted and tlie 
consluiction of phase V is in pi ogress The original ground level is appioximately 
at an elevation of 198 0 m. The staitei dam (stage I) was built to El 206 0 m using 
earthen material for all phases. Three phases namely T, II and III have already been 
raised to stage II (El 209.0 m), using pond ash as main construction material and 
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aie already filled up with the settled ash Phase IV is currently being used Water 
Bound Macadam (WBM) roads have been constructed on the crest of the 
embankment which besides pioviding a convenient access road also partly saves 
the embankment fiom erosion. 

The oiiginal cioss-section of the earthen embankment and the ash 
embanbnent laismgs has been designed very similarly to that of Korba To 
minimize the pioblem of fugitive ash, the entire exposed inactive area along with 
tlie slopes of embankment have been covered with plants and vegetation The 
active pond is also partially covered with water- hyacinths (Jal-Kiimbhi) and the 
exposed settled ash smface is always kept suhmeiged under water There is a 
netwoikiiig of pipes over the dyke which carry sludge to facilitate plant growth 
The ash sluuy is dischai'ged in a garlanding fashion that provides an uniform 
distiibulioii of coaisei and finer particles of ash ovei the entiie pond aiea The 
water escape stnictuie is suirounded by water-hyacinths to facilitate sedimentation 
and leduclion of sediment load m the discharging water . The water-hyacinths aie 
found lo be useful in happing tlie finer particles of ash. It was observed that watei 
which is finally dischaiged through stream into over Yamuna by the decanting 
structure, is relatively clear 

4.4 Field Testing Programme 

4.4.1 KSTPPSite 

4.4.1. 1 Standard Penetration Test (SPT) 

Five Standard Penetration Tests vveie performed at KSTPP ash dyke, 
one each on the crest of stage I (starter dyke), stage II, stage III and stage IV of the 
existing raisings and one in the ash pond at locations shown in Figme 4,1. SPT 
were conducted at a depth intei-val of one meter and continued till the soil stratum 
beneath the dyke was encountered Tests weie planned to cover the entire 
alignment of till the four stages of the embankment. The plot of this SPT (N- 
values) with depth of ash dyke at the test locations are shown in Figure 4,5 along 
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with the cross-section infened fiom the soil/ash samples collected during the test. 
The N-values aie tabulated for values in Table 4.1. It also shows the corrected N- 
valucs (in paienlhesis) applying the coirection factor foi overbuiden as discussed 
in Figuie 2 9 . 


Table 4.1 SPT Results at KSTPP Ash Dyke (observed) 


Elevation 

(m) 

Settled 

Ash 

Illrd 

Raising 

Ilnd 

Raising 

1st 

Raising 

Starter 

Dyke 

295 0 

2(3) 

13(21) 




294 0 

4(6) 

17(24) 




293,0 

8(12) 

20(25) 




292.0 

2(3) 

10(12) 

9(14) 



291 0 

2(3) 

10(12) 

8911) 



290.0 

3(4) 

11(13) 

9(11) 



289 0 

4(5) 

12(14) 

24(23) 

7(11) 


288,0 

6(8) 

19(18) 

14(16) 

8(11) 

15(24) 

287,0 

7(9) 

17(17) 

27(24) 

10(13) 

18(24) 

286.0 

20(20) 

21(19) 

24(21) 

22(21) 

20(24) 


* The corrected N-- values are gn en in the parenthesis 


Results 

It is obsei ved from the table that the corrected N- values in settled ash of the 
pond is in the lange of 3-9 except one which is 12 Most of the values of the top 
few meties in settled ash aie in the lange of 3 to 4 This remaikabe inipiovement in 
the N-values of the settled ash beneath the compacted embankment may be 
attiibuled to the consolidation, compaction and aging piocess. As it can be seen 
from Ihe Table 4,1, the N-values of the settled ash underlying the compacted ash 
embankments arc well above the N-values observed for the lagoon ash. The N- 
valuesofsettled ash within the embankment are above 10 

Figure 4,5 shows a generalised cross-section of the embankment stagings, 
tlic entire cross-section of embankment has been divided into seveial layers of 



Tabic 4.2 : Angle of internal friction ‘(|)’ values obtained from N-valiies 

at KSTPP ash dyke 
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Settled Ash 


Depth 

Material 


4> 

0 - 8 in 

settled ash 

5 

28° 

9 

clayey soil 

20 

33° 


Illrd Raising 


Depth 

Material 

N<iv/» 

4> 

0 - 3.5 m 

compacted 

ash 

23 

35" 

3 5 - 6.5 in 

settled ash 

13 

31" 

6.5 -9 0m 

settled ash 

18 

32" 

10.0 

clayey soil 

19 

32“ . _ 


Ilnd Raising 


Depth 

— ^ ^ 

Material 

Nai'^ 


0 - 3 5 in 

compacted 

ash 

12 

31° 

3 5 - 9.0 m 

settled ash 

21 

33° 

10.0 m 

clayey soil 

21 

.. 

33° 


1st Raising 


Depth 

Material 



0 -3 in 

compacted 

ash 

12 

31° 

4in 

clayey soil 

21 

33" 


Starter Dyke (Earthen Embankment) 


. Depth 

Materia] 


* 

0 -3 m 



clayey soil 

24 

35" 







Tabic 4.3 Geolcclinical Properties of Soil/Ash Materials 


Material type 

Total unit 
weight 
kg/m'’ (pcf) 

Saturated 
unit weight 
kg/m^ (pcf) 

Cohesion 

C' 

kg/m^ (pcf) 


FounclalioJi soil 

1750(107) 

1832 (112) 

0(0) 

33 0 

Soil Embankment 

1750(107) 

1832 (1120 

0(0) 

33 0 

Compacled ash 

1430(87) 

1472 (90) 

0(0) 

30 0 

Lagoon ash 

1308 (80) 

1390 (85) 

0(0) 

28.0 

Covci Soil 

1423 (87) 

1472 (90) 

0(0) 

30.0 
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settled ash layeis such that each layei depicted an average N- value and 
conespondiiig angle of internal friction ‘(1>’ was chosen from the chart given in 
Figiiie 2 9 Thus each layei of fly ash beneath the embankment depicted a certain 
value of These impioved values of Uy are shown in the Table 4 2 

The geotechnical paiamcteis initially used while designing the ash dyke is 
shown in Table 4.3 .The angle of internal friction of lagoon ash was taken as 28° 
and that of compacted ash as 30°. But SPT results revealed a inaiked impiovement 
m (lie values of ‘<j)’ of settled ash below tlie embankment 

The impiovement of ‘(j)’ from 28° to 30° of the settled ash beneath the 
compacted ash embankment is due to any of these oi combination of the following 
factors: 

(a) consolidation and subsequent improvement of otlie strength of settled ash due 
to aging 

(b) consolidation and subsequent improvement of the stiength of the settled ash 
due to embankment loading and 

(c) comi)action of settled ash due to vibiocompactor and compaction equipments 
used foi the constriiclion of compacted ash embankment. 

Foi the compacted ash the ‘(j)’ value is found between 3 1° to 35°. These 
values aie in good agieement with design value of 30° used initially for ash 
embankment design. 

4.4. 1.2 Settlement Plate 

Cl OSS ami settlement plates were installed in each of tlie laisings of 
ash dykes at KSTPP and adjoining Balco Captive Powei Plant (BCPP), operated 
by NTPC to measuic the settlement of the lagoon ash below die compacted zone of 
the ash embankment. However, the settlement plate installed at fCSTPP ash dyke 
site is presently non operational due to malfunctioning. The settlement plate at 
BCPP ash dyke is functional and therefore the lecord of this settlement plate was 
analyzed. It is worthwhile to mention here that BCPP ash dyke is designed on 



siinilai basis, using same geotechnical paraineteis of ash as that of KSTPP ash 
dyke 

Settlement plates at BCPP as well as KSTP ash dykes have been installed 
neat watci escape struclnic on each stage of raised ash embankment The depth of 
liic compacted zone of the embankment is 4 m. Unfoitunately settlement recoids of 
fust 14 months of installation date weie not available Howevei, record of one of 
the settlement plates installed m stage I of lagoon II at BCPP ash dyke is shown m 
Table 4 4. 


Results 

The readings of settlement plates are taken at a interval of one month. The 
rccoul indicates that there has been a total settlement of 60 mm over a penod of 6 
months of the lagoon ash under fust laised embankment, aftei which tlie settlement 
has seized to occur. Tlie settlement measmed at KSTPP ash dyke of the settled ash 
iinclernealh the first laisitig was 10 mm in 4 months after which no settlement 
could be detected. 


Table 4.4 Settlement Plate Record 


DATE 

Top R.L. of Dyke (m) 

Settlement (mm) 

15/3/96 

294.000 

0 

13/4/96 

293 990 

10 

23/5/96 

293.980 

20 

24/6/96 

293.965 

35 

30/7/96 

293.950 

50 

26/8/96 

293 945 

55 

21/9/96 

293.940 

60 

15/10/96 

293.940 

60 

15/11/96 

293.940 

60 

28/12/96 

293.940 

60 

30/1/97 

. - 

293.940 

60 
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4.4. 1.3 Inclinometer 

Incliuoinctei was installed at KSTPP ash dyke in the III rd raising of 
the lagoon III slightly at downslieam side of embankment on ilth December 1996 
At the (line of installation Lagoon II was almost filled up to stage IV and lagoon III 
was just icady to icccivc new ash -shiny dischaige. It was therefore, considered to 
be the most appiopiiate time for die installation of inclinometer to study the 
perfoimance of embankment duiing complete filling opreration. The total depth of 
ash beneath the cicst of the Illid laisng was 10.5 m. The installation detail and 
oiientalion of inchnometei casing has been shown in Figure 4.7. The set of 
readings were taken on 9lh Febniaiy and 23th Maich By this time this lagoon was 
almost full to a maximum allowable elevation of 294.0 m ± 

Installntion Procedure 

Boie bole of diameter 6 inches was drilled to accomodate 3.5 inch 
dimneter inclmoinctei casing Bentonite sluny was used to retain the side walls of 
boie hole. Tiic depth of tlie boie hole was kept sufficient enough to give fixity to 
the iuclinoniclei casing at the base i.c. the original gi'ound level The lower end of 
casing was plugged with the casing cap. Casing segments, each of length 1.5 m, 
weic rivcUed and watci pi oof tapes were applied over the joints so as to avoid tlie 
enliy of water inside llie casing. After lowenng die casing into the bore hole the 
area between the casing and the bove hole was filled up widr cement sand mix. The 
cement sand lalio was kept as 1:5 in lower LO m wlule 1.10 in the lest. Cement 
sand ratio should be such it should neitlier be too lean so as to permit inclinometer 
casing to move within the borehole nor it should be too strong to refuse any lateral 
movement, if any. 

Results 

The results aie plotted on Figures 4.8 to 4 11 , As discussed in chapter 3, 
the lesults arc plotted using software DIGIPRO, in the following forms foi biaxial 


measurements. 


(a) Coiiipaiisoii of latei readings of cumulative deviation and displacements for A 
and B diicctions of casing witli initial data of 1 1th Dec -96 with [Figure 4 8 (a) and 

(b) ] 

(b) Compaiison of leadings of 23id Maich 97 with that of 9th Februaiy -97 for A 
and B diiections of casing [ Figure 4.9 (a) and (b) ] 

(c) Recoid of incicmcntal deviation and displacement for A and B diiections of 
casing [ Figiuc 4. 10 (a) and(b) ] dining peiiod of filling opeiation in lagoon III 

(d) Rccoid of incicmenlal deviation and displacement for A and B directions of 
casing [ Figiue 4.1 1] aftei filling operation 

Fiom the graph of cumulative displacement and cumulative deviation it is 
clear tlial ihc displacement has taken place at tlie initial phase of ash-filling 
opeiation in lagoon HI Comparing the piofile of casing of 9tli Febmary 97 to that 
of the profile of casing when it was installed i e.» 11 December 96 [refer Fig. 4.S 
(a)J, it is obsciwcd (hat a maxinimn displacement of 11 mm in AO direction and -15 
mm in BO diicclion (or 15 mm in B 180 diiection, lefei Fig 4 7) of the casing has 
occuued in a zone of 2 to 3 m depth fiom the crest of the embankment The 
oiicnlation of casing with lespcct to the embankment is such that resultant of AO 
and B180 points towards the downslieam slope side of the embankment. Thus a 
lesullant of 18.6 mm has occuired in the above specified zone towaids the 
downslieam side within a period of 2 months Obviously, this movement is after 
the inslallalion of inclinometer. Additional movement could have occimed pnor to 
the installation of inclinometer. Howevci (his may not be significant fiom the 
design point of view as all these movements could have been associated with the 
construction activity. 

Tlie dataset collected on 23th March 97 does not leveal an appreciable 
movcmcnl as compared to the previous data set of 9th Febiuaiy 97. The giaph of 
cumulative displacement hardly exhibits any significant displacement eithci in AO 
01 BO direction. A total movement of 0.95 mm have been lecoided in AO diiection 
at a depth of 1 to 4 m fiom the ciest of the embankment while 0.4 mm in B180 
diiection at a depth just below the compacted zone of embankment. This may be 




altlibuted to the fa.ct that the gradual increase in the pressure on the upstream face 
of embankment due to increasing height of ash slurry in the lagoon III has caused 
all the movement to take place 

On comparing the graph of incremental displacement [Fig 4 10] of 9 Feb. 
97 to that of 1 1 Dec 96 i e. during filling operation, it is found that there are two 
shear zones where maximum change in the tilt of the casing has taken places The 
giaph of incremental displacement for AO diiectron [Fig. 4 10 (a)] shows that there 
are sheai zones at a depth of 3 25 m and 10 5 m fi:om the crest of the embankment 
while the giaph of incieinental displacement foi BO direction [Fig, 4,10 (b)] shows 
sheai zones at 2 m and 10 5 m fiom the crest of the embankment Thus the 
maximum change m tilt has occuned at a depth of 2 to 3 m and 10 5 m. Thus it 
could be concluded that failui'e may occiu at these depths The shear zone 
depicted at both tliesc depths signifies a slippage at tire interface of Stage HI and 
Stage IV construction and at tlie base of the ash dyke. 

As shown in Figure 4,11, very insignificant sheai zones are observed 
between 9 Febiuaiy 97 and 23 Maich 97 data. On comparing the datasets of 
mcicmcntal deviation foi detecting shear zones, if any, after the ftllmg operation, it 
IS found that a sheai zone exist at a depth of 6 to 9 m ftom the crest of the 
embankment, but tire magnitude of movement is negligible as the dataset of 23 
Maich 97 reveals maiginal change in mciemental displacement of 0 20 mm 
(max.) as compared to that dataset of 9 Feb 97, Thus it could be concluded that all 
these movements aic lestiicted only dunng initial stages of ash filling operation in 
lagoon III, aftei which movements seize to occui . 

4AAA Piezometers 

Seiies of piezometers weie installed on the slope of each 
embankments upto the deptli of the drainage blanket Piezometeis are used to 
check the fuctionality of drainage blanket. Piezometers should not show the water 
level if drainage blanket along with the vertical chimney is functioning properly 


Piezoiiielei leadings at KSTPP ash dyke levealed tJiat the drainage blankets were 
woikmg perfectly 

4.4.2 DTPS Ash Dyke 

4.4.2. 1 Standard Penetration Testing (SPT) 

The Slandaid Penetiation Tests weie peifoiTned in the phase III of 
BTPS asli dyke at locations shown in Fig 4.4 The tests were conducted in nearly 
eveiy stage of ash dyke. At this site, SPT was conducted by Soil Engineering 
Consultants, New Delhi in oiu supervision The test locations were selected in 
such a way so as to give almost linear alignment, covering the entire cross-section 
of ash pond. SPT was also peifonned in an active pond on a freshly deposited ash. 
Undisluibed samples (UDS) weie collectd at eveiy 2 or 3 m of the depth of boie- 
hole. 

Results 

The lesults of SPT values obtained at BTPS ash dyke are shown in Table 
4.5 and are plotted in Figine 4.12. The N-values in the northern raised 
embankment aic comparatively highei than that obtained in the southem raised 
embankment Since the ash-sluiTy disharge location for the phase III pond were 
located on the noitheni side of pond, therefore, the coaiser fraction of ash, which 
is relatively heaviei, settled at the noithern end while the finer particles travelled 
towaids the watci escape stmetmes located at the southem end and got settled 
theic. So conducting SPT on both the dischaige end as well as watei escape end of 
ash pond of phase III revealed that theie is a diifemce m the giadation of ash 
particles and hence in the sUength parameter from the dischaige end to the water 
escape end. The giound water was measured at a depth of 10.5 m from the pond 
surface. 

On comparing the N-values of the test locations within the pond to that of 
the ash beneath the raised embankment, it is found that foi northem end aveiage 
N-values for the lagooti ash is 4 while it is 8 beneath the laised embankment, 
which decreases to 6 in the deeper zone. The N-value of tlie lagoon ash towards 



Table 4.5 : Observed N- values at BTPS Ash-Dyke 



*The values given in paranthesis are corrected N-values 














































Tabic 4.6 Angle of iiiteinal friction ‘<j)’ values obtained from SPT at BTPS 

ash dyke. 


Bore Hole “I 


Zone 

Material 

N-valuc 


0-6 m 

silly sand 

22 

33“ 


Bore Hole -2 


Zone 

Material 

N- value 


0 - 5 m 


17 

33° 

5 - 8 m 

settled ash 

8 

30° 

8 - 1 1 m 

settled ash 

6 

29“ 


(Borc-Holc 2 of SFf corresponds to Test No 2, 8 and 9 of Piezocone ) 


Bore Hole -3 


Zone 

Material 

N value 

* 

0 - 3 m 

compacted ash 

2 

28° 

3 - 6 m 

settled ash 

4 

28° 

6 - 9 m 

settled ash 

6 

29° : 

9 - 1 1 m 

settled ash 

- 

2 

28° 


(Borc-Holc 3 of SPT corresponds to Test No 7 of Piezocone ) 


Bore Hole ~4 , 5 and 6 


Zone 

Material 

N-vahic 

!l> 

0- 11 

settled ash 

4 

O 

OO 


Bore Hole -6 


Zone 

Material 

N-valuc 

^ 

0-5 m 

compacted ash 

9 1 

o 

O 

5-75m 

settled ash 

4 n 

28.5° 

7.5- 11.5 m 

settled ash 

2 ^ 

28° 


(Borc-IIole 6 of SPT corresponds to Test No 4 and 5 of Piezocone ) 
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tlie soutliein end of tlie pond is 3 wliile it is 4 beneath the raised embankment, 
which leduccs lo 2 in the deepei zone. This indicates tliat at this site also, there is 
impiovcinent in the sheai strength at both ends of tlie dyke This confirms the 
findings of KSTPP site, ITowevci, the gain in the stiength at this site is not as much 
as compaicd to KSTPP site. 

The N-values along with the angle of internal fiiction ‘f has been shown in 
Table 4 6 . The division of zones witliin the embankment is based upon the average 
N-values obtained fiom the test It is obvious from the table that the angle of 
internal fiiction ‘(j)’ in the compacted zone of embankment is about 33° in the 
noitheni end while 30° in the compacted zone of embankment in the southern end. 

4.4.2.2 Piezocone 

Piezocone test were conducted at BTPS ash dyke with the help of Centiai 
Soil Mechanics and Reseaich Laboratory (CSMRL), New Delhi. Testing was 
perfoimed on the ciest of the embankment and ash pond of phase III The pond 
was inactive and dry. The test locations along with theii test numbers have been 
shown in Fig 4.4 , 

Results 

The piezocoiie results are given m the Figure 4.13 which includes cone 
resistance ‘qc*’ (MPa), sleeve resistance ‘fi’ (MPa) and the fiiction ratio *F.R ’. 
Because of nialfimclioning in the poie water pressute measming section of 
piezocone, poie watei pressure could not be measmed Angle of internal firction cj) 
was calculated from cone leistance values using the various lelationships discussed 
in chapter 2 for diffeicnt layers or zones 

The angle of internal fiiction (|) as found by Meyerhof, Trofimenkov and 
Schmertmann method is given in Table 4 7. Average qt values have been used for 
evaluating the (|) values of vaiious zones or layers 


Noithcin Embankment 


In the noithciii embaukmerit cjc values for the compacted zone of the 
embankment lies in the lange of 75 to 80 kg/cm^ and F R in the lange of I.O -3 0 
Foi the lagoon ash imdcilying the embankment, qc values aie in the range of 15 to 

30 kg/cm^ while F R. is approximately 1.0 . 

The angle of inteinal fiiction ^ as found fiom Meyeiliof and Schmertmann 
methods in the compacted zone of the embankment is 36°. At greater depths i e. 8 
to 11m from, tlie suiTace of the embankment (j) of lagoon ash is found to vaiy from 

31 5° to 33.8° fiom the above mentioned methods 

Southeni Ernbankincnt 

In the southern embankment qc values in the compacted zone of the 
embankment is 50 kg/cm^ while in the lagoon ash beneath it is in the range of 10 to 
20 kg/cm^ The F.R in the compacted zone is in the lange of 2.5 to 4 0 while m 
the ash beneath is 2.0 -4.0 . 

The angle of internal fiiction ^ in the compacted zone is found out to be 
34°-35°. At gi eater depths i e. in the lagoon ash, <j) is found to vaiy in the range 
of27°-31.8°. 

Remarks 

On compaiison in the data sets of northern and southern embankment, one 
can visualize that q^ values aie higher in the northern embankment than the 
soulhem This indicates that coarsei particles ate on the northem end of the pond. 
This is also justified by the friction latio values, Lowei friction values indicate 
coaiser nature of particles which is the case in northem end. On the confraiy 
southern end exhibits higher F.R. and lower indicating finer natuie of paiticles 
of fly ash. These lesults are qualitatively in confoimance with the SPT results The 
variation of fiiction ratio with soil type has been shown in Figuie 4.10 
(Schmeitmann ,1969) 
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Trtblc 4.7 : Angle of iiitcriinl friction (|) obtained from Piezocone test 


Northern Embankment (near active pond) 

TestNo.2 


Zone 

^ niid-ilcpih 

qc 



Schmertmann 

(m) 

(kg/cm' ) 

(kg/cm' ) 


HHi 

Dr 

(P 

0-5 

0 2756 

75 

36' 

36° 

- 


5-8 

0 717 

30 

r 34° 

29° 

40% 

38-34 5 

8- 10.5 

1 02 

20 

33° 

- 

30% 

37-33.8 


Test No. 8 


Zone 





Schmertmann 

(m) 

(kg/cni') 

(kg/cm') 



D. 

(P 

I 

o 

0.298 

75 

36° 

36° 



4.5-8.5 

0 72 

25 

33° 

29° 

35% 

38-34 

8.5-10 

1 02 

20 

; 32.5° 

- 

25% 

36-33 


Test No 9 


Zone 

(m) 


0-5 


5-8.5 


a 


rmtt 

(kg/cnv ) 


0.278 


0.744 


qc 

(kg/cm^ ) 


80 


25 


Meyerhof 
^2 


36 ^ 


33' 


Trofimeukov 

<P 


36‘ 


29‘ 


Schmertmann 


Dr 


35% 


JL 


38-34 


8.5-10 


1.075 


15 


31.5' 


20 % 


35.5-32 8 
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Southern EnibanUnicnt 


Test No. 4 


Zone ' 

(T ^ 1 

iml -{k'lMh 

qe 



Schmcrtmaim 

(m) 

(kg/cm' ) 

(Ug/cm‘ ) 

IHflli 


Dr 

tp 


0.29 

50 

35*^ 

34*^ 

93% 

45-39.5 

5-7.5 

0 729 

20 

32° 

28° 

30% 

37-33.7 

75-11.5 

1 109 

10 

- 

- 

10% 

34.2-31.8 


Test No 5 


Zone 

^ n\td-d\if}lh 

qc 



Schmertmann 

(m) 

(kg/cm ' ) 

(kg/cin' ) 



Dr 

y - 

1 

o 

0.25 

50 

35° 

35° 

90% 

45-39 

4.5-7.5 

0.66 

25 

33° 

29 5° 

38% 

37 5-34 5 

7 5-8.5 

0 88 

20 

32° 

28° 

25% 

36-33 

8 5-10.5 

1 05 

10 


- 

1 10% 

33 5-31 


Settled Ash 

(At the end of ramp) Test No. 7 


Zone 

(m) 


0-3 


3-6 


6-9 


9- 11 


(T 


iui(l-(lupth 

(kg/cm*) 


0 16 


0 487 


0.812 


1.08 


([C 

(kg/cnv) 


15 


25 


25 


25 


Meyerhof 

-TP 


31.5' 


33* 


33' 


33* 


Trofimenkov 

-<P 


33* 


31* 


29* 


Schmertmann 


D, 


45% 


45% 


35% 


30% 


iL 


37-33 


39-35 


38-34 


37-33 7 


(Corner Site) 


Test No 6 


Zone 

^ tind-dcpsh 

(kg/cm ') 

qc 1 



Schmertmann 

(m) 

(kg/emO 

mmn 

■Hi 

Dr 

-<P 

0-3 

0.16 

15 

31,5° 

33° 

45% 

37-35 

3 - 10 

0.7 

20 

32° 

28° 

30% 

37-33 7 
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Settled Ash of Pond 

fn (he inactive pond piezocone tests were performed at tire northern 
end of the pond Tlie test could not be perfomed at other locations due to 
inaccessibility of site foi 18 ton truck inoimted piezocone rig The piezocone 
lesnlts indicate that (|) values aic fiom 29°- 33° of the settled ash. The friction ratio 
IS found to vaiy from 1.0 to 1 5, indicating herein also the accumulation of 
coaisei inateiial at the discharge end. The qc values are comparable with those of 
the lagoon ash beneatli the embankment. 

4A.23 Plate Load Test 

The test was conducted by NTPC and the results are analysed here 
Angle of internal friction was found thiough two plate load tests that were 
conducted on tlie asJi pond The watei table at the site was quite low. Plate load 
tests weic conducted in the ash pond in the test pits of size 4ni x4in xl 5m, The 
size of the plate was 75 cm x 75 cm x 2.5 cm. The width of test pit was kept 
slightly greater than 5 times the width of the plate The resulting plot of stiess vs 
settlement are shown in Figuie 4 14 

Results 

Of the two plate load tests, one exhibited a geneial sheai* failui'e while the 
other a local shear failure. Tlie ultimate beaidng stiess was observed to be 0.95 
kg/cm^ in the case of general shear failme Fiom the other test ultimate bearing 
stiess was found out to be 0.7 kg/cm^ from log-log graph of stiess vs settlement, 
Angle of mtcinai faction ()) was indirectly calculated from the Teizaghi’s hearing 
capacity values. 


Tabic 4 8 (j) values from Plate Load Test 


q» (kg/cm-) 


•I- 

0.95 

19.37 

32 

0.7 

14 27 

30 




Table 4.10 : Friction Ratio ( Schmcrtmann, 1969 ) 


O J 


Soil Type Fnction Ratio percent 


Veiy shelly deposits lime lock (soft, shelly 
pailially iiuUuated limestone) 

0.0 -0.5 

Cleai sand, no plastic fines (independent 
of lelative density ) 

05 -20 

Silty sand 

1 75 - 2 5 

Clayey sand, silts, mails, modeiately 
sensitive clays 

2 33 -3 5 

Sandy clay 

3 00 - 4 5 

Relatively insensitive clay 

over 4 0 


4.5 Laboratory Testing Programme 


The laboiatoiy tests weie necessary to cmrelated the various in situ 
geoteclinical paia.neteis to the laboraloiy lesults, Laboiatoiy tests were conducted 
mainly on DTPS ash sample collected from different depths and locations of ash 


pond diiiing field testing piogiamme. Undisttirbed samples were also analyzed by 
Soil Engiiicetmg Consultants, New Delhi Some tests which weie felt necessaiy 
and not pcifotmed eailiei dining the design of KSTPP ash dyke, were also 
conducted. The othci geotechnical paiaineters of KSTPP ash are taken from 


KSTPP-design lepoil prepaied by Dayal (1988) All tests were performed 
accoiding to Indian standaids, 


4.5.1 Grain Size Distribution 

The g/ain size analysis was peifoimed on the pond ash collected 
fioin BTPS ash pond and is shown in Figure 4,15 . The result for the grain size 
analysis of KSTPP ash has also been leported along with BTPS ash in Table 4 9 
The BTPS asli is found to be coarser than that of KSTPP ash. The coefficient of 
unifoiinity, defined as (he ratio of deo ovei dio of BTPS sample of ash is found to 
be 8.67 . 

On the average, 

for sands Cu= 10 to 20 

foi sills Cu == 2 to 4 

for clays Cu = 10 to 100 (as classified by Juniikis 1962) 


Table 4.9 Grain Size Analysis of Ash 


Padicle Size 

Distribution 

KSTPP ash 

BTPS ash 

Gravel Size (%) 

0 

0 

Sand Size (%) 

68 

78 

Silt Size (%) 

32 

22 

Clay Size {%) 

0 

0 
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DTPS ash lies in (he range of silt and sand. While the value of Cc is 
defined as dioV ddo'dio is found to be 2.88 which is between I and 3 and therefore 
It could be cln.ssified as well graded. Thus fly ash of BTPS could be teiined as 
well giaclcd silly -sand 

4.5.2 Specific Gravity 

Specific giavily of BTPS ash was determined m the laboratory with 
the help of specific giavily bottle and was found out to be 2,08 . Specific gravity of 
KSTPP ash as reported by Wasan (1995) is 1.76 The specific gravity obtained 
foi BTPS and KSTPP ash samples fall well within the specific gravity range of 1 6 
to 2.4 for Indian ashes (lefci Tabic 2.2). Since BTPS ash has higher iron content 
as compared to KSTPP ash, theiefoie, the specific gravity of BTPS ash is also 
highei than that of KSTPP. 

4.5.3 Compaction Characteristics 

The maxiinuin diy density (MDD) was deteimined using Standard 
Piocloi mould and is shown in Figute 4 16. The maximum dry density (MDD) and 
optimum moisluie content (OMC) of Badai-piu ash is found to be 1 05 g/cc and 
38% lespcctivcly, while the reports from Korba reveal a MDD of 1.03 g/cc and 
OMC of 42 %. These values aie found to be in confoimance with the range of 
Indian ashes of 0.935 to 1.78 gm/cc. This also justifies the fact that MDD incieases 
with (he inciease in specific gravity of ash. 

All the tests liavc been carried out using tlie same sample throughout the test 
by adding water at successive compaction opeialion. This can result in higher 
value of MDD when compared with the result obtained using separate portion of 
oiiginal sample at each point of the cui've. Wlieii the same sample is used 
throughout tlic test the paiticles become increasingly finer by each successive 
compaction giving denser packing 



86 


4.5.4 Coefficient of Permeability 

Pcunccibility values of llie saijiples can ^ be determined in the 
laboiatoiy using constant head oi vaiiable head permeability approach The 
coefficient of peimcability as found from die falling head method for BTPS ash 
sample compacted at 95% of Standaid Pioctor Density is 8 5 x lO'^cm ysec The 
coefficient of peimeabilily of KSTPP ash is L85 x 10"’ cmysec as reported by 
Dayal el al (1988) lliis is a typical lange of 10"'* to 10“^ cm/sec for Indian ashes 
as given by Rajasekhar 1995. 

4.5.5 Coefficient of consolidation 

TJic consolidation behavioui of ash is expected to be similar to that 
of non -cohesive soils whcie in majoiity of settlement occurs within a veiy short 
peiiod and therefore consolidation tests weie conducted m triaxial apparatus on 
specimens picpared al 95 % of Std Pioctor density Small strips of filter paper 
(about 1/2 mcli wide with a gap of about 1/2 inch) were attached on tlie cyhndncal 
circumference of the sample to enhance the radial drainage The sample was then 
covered with the lubber membiane. Back piessui'e of 1.5 kg/cm^ and cell pressure 
of 1.7 kg/cm^ (slightly moie than the back piessuie) was used to saturate the 
sample. To ensuic complete sahualion Skemp ton’s paiameter ( B= Au /Aoj ) was 
checked with the help of poie vvatei piessure measming device Aftei saturation^ 
back piessure was closed and Ihe sample was allowed to consolidate at 2.0 kg/cm^ 
and 2.5 kg/cui^ with drainage valve open The diainage valve was connected to the 
beurelte so as to record volume change of the sample during consolidation. Change 
in volume of the specimen was plotted against square root of time. The initial part 
of this plot, to about 50% consolidation, is approximately linear and when it is 
extended to intersect the hoiizontal line, it repiesents sqare root time ) of 
100 % consolidation. 

The value of C\» Is calculated from the following equation 
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D - Diameter of the sample 
L = Lengtli of sample 

^100 ~ Time required foi 100 % consolidation 
11 = Constant depending on the drainage 
condition 

Foi L/D = 2 

Drainage from one end n = I 
Radial and one end drainage n - 80 

The Cvvalues obtained for BTPS ash (D=3.81, L=7 62) at 95 % of standard 
pioctoi density is found out to be 0.788 cmVmin (refer Fig, 4 17) for a confimng 
sticss of 2.5 kg/cm^ and 1.088 cmVmin for a confining stiess of 2.0 kg/cin^. Thus 
Cv values found in the given range of 0.57 to I 14 cmVmin by Capco (1990) It 
could be concluded tliat Ca> values deci cases with the inciease in confining stress. 
Webb and Hughes (1987) have leported that if an automatic recording system is 
used for taking the consolidation readings at veiy small tune intervals, Cv values 
would be in the range of 1.9 to 19 cmVmiii 

4.5.6 Compression Index 

The compression index (Cc) values were obtained in oe dome ter 
apparatus. The Cc value foi the BTPS ash sample, prepared at 95 S'o of standard 
pioctoi density, is found to be 0,1 15 (Fig. 4.18) and 0 199 for the ash slurry (Fig. 
4. 19). The Cc value obtained on ash shuty foi KSTPP ash is found out to be 0 086 
(Fig. 4.20) . 

4.5.7 Shear strength 

Angle of mlernal fiiclion was found for BTPS ash sample from both 
biaxial and diicci slieai apparatus. The sample was fust sabuated and then 
consolidated for next 24 hours. Only drained test could be perfonned in triaxial 
apparatus as some problem emerged in pore water piessure measuiing machine at 
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latci stage of laboiatoiy testing due to which undrained tests with poie water 
piessuic incasiuemcnfs could not be performed 

The angle of internal fuction as obtained fiom Tnaxial test for consolidated 
diained condition of Bl PS ash Sample, prepaied at 95% std pioctor density, was 
found out to be 36° (Fig 4 2 1), 

Diicct shcai tests conducted on tlie BTPS ash sample piepared at 95 % std. 
pioctor density foi the consolidated drained condition, exhibited an angle of 
internal fiiction of 39° and foi consolidated undiained condition, it was found out 
to be 37.5° (Fig. 4.22). 

It has been found that the angle of intenial fiiction obtained Jfrom a tnaxial 
test (i|)„ ) is gcncially 1 to 5 degrees lower than that fiom a plane strain test ((|)^^). 
As pioposed by Lee (1970) 

(K, =1.4,. ^30°) 

Test icsults obtained in the laboiatoiy foi triaxial and direct sheai are foimd 
out to be in good agi cement with the above mentioned equation 
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FIG. 4.2 FINAL ASH EMBANKMENT CROSS SECTION 
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FIG-4.4TEST LOCATIONS AT BTP5-A5H DYKE (KEY PLAN) 
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FIG-4.6 SETTLEMENT PLATE INSTALLATION 
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FIGA16STANDARD PROCTOR TEST FOR BTPS-ASH 



FI6.A.17 Cw-DETERMINATION OF BTPS-ASH S A M P L E ( 95 “/») 
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FIG.421 TRIAXIAL TEST ON BTPS ASH 
SAMPLE (95 7o) 



T (kg/crr?) 




Chapter 5 


Results and Discussion 


5.1 General 

The conelalion between lip lesistance (qc) and N values foi pond ash have 
been established. Rccoid of plate load test conducted by NTPC in the ash pond of 
BTPS has also been analyzed in this chapter foi compaiative study Settlements 
and Lateial movement of ash dyke embankment have been monitoied, during and 
after ash filling operation, in a lagoon of KSTPP ash dyke. Piezometer leadings 
taken at several stages of embankments have been analyzed to check its 
functionality dining ash disposal opeiation. Finally the improvement in sheai 
strength paraineteis of pond ash have been investigated throuidi vanoiis field and 
laboiatoiy tests, and it’s effect on the stability of the ash dykes have also been 

studied in this chapter. 
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5.2 Study of Shear Strength Parameter 

Vaiious field and laboiatoiy tests, as discussed m section 4 4, were 
coiuluclcd to evaluate sheai stiength parameter of ash at the two selected sites of 
KSTPP and DTPS ash dyke. Standard penetration tests were conducted at KSTPP 
asli dyke while piezocone and SPT both were conducted at DTPS ash dyke The 
suininaiy of angle of internal friciton, as obtained fiom various filed and laboratoiy 
mehlods aie given in Table 5.1 

5.2.1 KSTPP Ash Dyke 

Angle of internal Diction was evaluated using standard penetration test A 
marked nnpiovemenl in the <}) value of settled ash have been obseiTcd, since initial 
stages of constiuclion of ash dyke Fiom the Table 5 5, the ^ of settled ash was 
initially 28° and after six years of dyke construction, it has improved to a 
minimuin of 31° for first laising while at it has further improved to 33° m the 
second laising. The marked iinpiovement in the strength of the settled ash beneatli 
the ash embankment is partly due to cosohdation of the settled ash and partly due 
to imposition of the load of compacted ash fill. Construction equipment operation 
over the settled ash dining tlie embankment construction may have also resulted in 
some corn()action of the material. The improvement have fhither enhanced the 
chances of fiutlier laising of ash dyke by upstieam method of construction, 

5.2.2 DTPS Ash Dyke 

At DTPS ash dyke both piezocone and SPTs were conducted to evaluate the 
change in tlie settled ash properties, especially beneath the embankment raising. 
The test details and analysis of angle of internal friction obtained by piezocone for 
this site has been given in section 4 5 2. Dayal et al (1982) have reported that the 
Troflinenkov method provides an over conservahve estimate of (j) while both 
Schmeitmann and Meyerhof methods provide a reasonable agreement with directly 
measured values in the field for vaiious soils. Therefore the (|) values reported in 
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tlic picsi/iit discussion foi piezocono is limited to the lowest of the two values 
csliinalcd fioin SchmeUmann and Meyerhof methods With piezocone, a ^ values 
(iclci tabic 4 7) foi the compacted ash embankment were found to be 35° at 
southern cud mid 36° at northern end while with SPT (lefer table 4 6) for the 
same locations was found to be 30° and 33° lespectively. 

For settled ash, the ^ value obtained fiom piezocone exliibited a minimum 
value of 31 5° by Meyeihof metliod and a mmimum of 28° by SPT From the 
Table 4 6 and 4.7 , it is clear that (j) values on the slurry discharge end (northern 
end) is comparatively liigher than on the water outlet end (southern end) This 
may be alliibulcd to the decreasing gram size of the settled ash fiom dischaige end 
to the watci outlet end. The fiiction latio also justifies the above finding as the 
fiiclioii I alio ucm the shiny discharge end is TO which falls in the range of clean 
sand with no plastic fines while it is 3 near the water outlet end depictmg the range 
of clayey sand 

The (j) values obtained fi'om plate load test at different locations of pond 
exhibits a value of 32° and 30° foi settled ash (lefer table 4 8) The value may be 
higher owing to the limitations of plate load test 

Tlie laboratoiy test results aie also in conformance with the field test results 
for compacted ash. Since embankments aie constructed at 95 % of Standard 
Proctor Density and since ash is cohesionless mateual, theiefoie consolidated 
drained tests were perfoimed on samples piepai'ed at 95 % of Standard Pioctor 
Density in tii axial test apparatus as well as in diiect sheai test apparatus The (j) 
values obtained aie 36° from diiect shear test and 39° from triaxial test Applying 
a conectiou factoi of 0.9 to the direct sheai’ result a ({) value of about 36 is found 
foi boll) of these tests. 

The cone resistance (qc) obtained fioin piezocone and the N-values has been 
compaicd for those test locations which were close enough to repiesent the same 
type of ash. 
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1 able 5,2 qc / N ratio for ash 
Noilhcin Embankment : 


Depth 

Mateiial 

qc (kg/cm^) 

N- value 

qc/N 

0-5.0 

compacted ash 

75 

10 

75 

5 0-8 0 

settled ash 


7 

43 

8.0-10.5 

settled ash 

25 

5 

50 

10.5-14.0 

soil 

40 

11 

36 


Southern Embankment : 


Depth 

Mateiial 

qc (kg/cm^) 

N-value 

qc/N 

0-5.0 

compacted ash 

50 

7 

714 

5 0-9.0 

settled ash 

20 

4 

5.0 

9.0-11.5 

settled ash 

10 

2 

50 

11.5-14.0 

soil 



75 

33 

23 


Settled ash ( at the end of lamp) . 


Deplli 

Mateiial 

qc (kg/cm*) 

N-value 

qc/N 

0-3.0 

compacted ash 

15 

2 

75 

3-12.5 

settled ash 

25 

5 

50 

12.5-15 

soil 

50 

19 

26 


Table 5,3 Correlation between qc and N [Schmertmann (1970)] 
Soil Type 

Clean , fine to medium sands and sligtly silty sands 3.5 

Coarse sands and sands with little gravel 5 0 

Sandy gravel atid gravel 


Units of qc arc kg/cin* unjls of N arc blows/R 
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It is obscivcd fiom the above table that qc/N ratio for ash vanes from 5 to 7. 
Fioin Table 5 3, ash can be classified as coaise sands and sands with little gravel 
which is ptUlially acceptable. Gencially ash exhibits properties of silty sand but 
piescncc of unbuint carbon in the disposed ash may increase the qc/N ratio 


5.3 Settlement 

Generally consolidation occurs at a veiy slow rate, sometimes over several 
months oi yeais, but in case of embankment constructed of pond ash, consolidation 
occurs within few inoiUlis. Consolidation can be a very important design factor 
because, in addition to causing damage to the diamage pipes and structures, it can 
affect several aspects of tlic upsti'eam method of construction of ash disposal 
facility. 

Sctllcmcnl of the pond ash due to the construction of embankment over it, 
was obscivcd with the help of cioss aim settlement plates installed at KSTPP and 
BCPP ash dykes. Since ash is a cohesionless material , most of the settlements 
occurs dining the constinclioii period of embankment Due to lack of sufficient 
data from BCPP and KSTPP asli dyke sites piecise settlement calculations could 
not be peifoimcd. The theoietical results of expected settlement of pond ash 
below llie embankment, is pieseiited here foi expected range of site consditions. 
Calculations: 

The sclllemcnl is estimated using compression indexes obtained ftom 
laboraloiy consolidation tests on samples taken KSTPP ash dyke. The settlement 
calculation of pond ash below 1st and II nd raising during construction period of 
these ash embankments is summarized in Table 5.4 . Depending on the size of 
the lagoon, the construction period vaiies from 3 months to over an year However 
a conscivativc value of 3 months is assumed for this calculation Calculation 
details are given below ; 

Time of construction of ash embankment = 3 months ( assumed ) 
Compression index Cc = 0.086 (Fig 4 20) 

= 0.845 (Fig. 4.20) 
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CoenicioiU of Consolidation Cv = 0.788 cmVmin (Fig. 4 17) 
Y,„r of lagoon ash = 1.39 gm/cc (Table 4,3) 
Itouii of compacted embankment = 1 43 gm/cc (Table 4.3) 
'fhc sclllenieid has been calculatecl using the equation below; 




CJi 

1 1 - c 


-log 


O’,. 


[0 


Time factor , 


S = total settlement 

H = Depth of compiessible layer 
/ 

= effective vertical stress at mid depth 
under 1st raising 

390kg/cin^ X 2.5m = 975 kg/cm^ 
under Ilnd laising 

390 kg/cm^ X 4 0 m =1560 kg/cm^ 

/ 

A(Ty = increase in effective veitical stress due to 
load of embankment 
= 4m X 1 430 kg/cm^ =5720 kg/cm^ 



where d = drainage path 
y;, - I 78 1 - 0 933 * logio (1 00 - U) for 7; > 0 2 

foi7;<0.2 

where IJ~ degree of consolidation 
Sj= Settlement after time T’ 
= SxU% 

Net .sedlcment expected after embankment construction Sn Sn- S - Si 


As discussed in section 4.4.2 , the measured settlements aie 10 mm 
and 60 mm at KSTPP and BCPP ash dyke sites lespectively. Exact details of both 
those silos arc not available, but it appeais tliat at BALCO ash dyke, the settlement 
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plate was installed piioi to construction where as at KSTPP ash dyke, after the 
construction Since the depth of the settled ash is also not known, therefore no 
piecise calculations could be made about the settlement values 

5.4 Lateral Deviation 

To measure the lateral displacement of ash dykes inclinometer weie 
installed on the III re raising of KSTPP ash dyke Details of the inchnometer has 
been discussed m chapter 3 and the data set recorded durmg investigation has been 
lepoited m chaptei 4. The results indicate that a maximum movement of 18.6 nun 
has occmxed at a depth of 2 m from the crest of the embankment, towards the 
downstream side of the dyke The lecords of incremental displacement exhibits 
presence of shear zones ( Fig 4 10(a) and (b) ) at a depth of 2 -3 m and again at 10 
m below the crest of embankment which mdicates possible slip surface at the 
interface of Ilnd and Illrd raising and at the base of the dyke It is to be noted that 
these movement has occurred immediately after the commencement of ash slurry 
discharge in die pond About two months later when the pond was fiill, the second 
set of leadings weie taken and no appreciable displacement could be detected 
Thus, It could be concluded that the entire ash dyke settles vertically and moves 
ladially outwaids only dunng the filling operation aftei which negligible 
movement is expected. However, the movement recorded is insignificant (less 
than 0.01 %) 

5.5 Slope Stability Analysis 
5.5.1 Package used - pcstabi 

The computei programme used for the analysis of the ash dykes is named as 
PCSTABL, which is developed to handle general slope stability pioblems by the 
simplified Janbu method and the modified Bishop method of slices The Janbu 
method allows foi analysis assuming shear surfaces of geneial shape. The value of 
the factor of safety obtained by these limiting equilibrium proceduies, although not 
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satisfying complete equilibnum, usually compares favourably to more accurate 
methods, which are considerably more computing time and require evaluation of 
results foi leasonableness 

In this package critical surface searching options include three possible 
ways in which it geneiates tnal failure surfaces pseudo-randoinly of circular shape, 
sliding block character and general irregular shape Problem capabilities include . 
geneial profile definition ; ground surface surcharge boundary loads, pore 
pressmes appioximately defined with respect to piezometric surfaces, defined as a 
constant thiough a zone, related proportionally to the overburden, or defined as 
combination of the afoiementioned ; and pseudo- static eaithquake loading 

5.5.2 Factors of Safety 

In the stability analysis of slopes, many design factors cannot be determined 
with certainty . Therefore, a degree of risk should be assessed in an adopted 
design. The factor of safety fulfills this requirement. The factor takes mto account 
not only the uncertainties m design parameters but also the consequences of 
failuie 

A safety factor of at least 1.5 is commonly employed (Lambe and 
Whitman, 1969) foi static loading conditions Foi seismic analysis the 
lecommended values vanes between 1 0 and 1.2. Since Indian Standard has not 
specified any lecommendation related to the factor of safety of ash solid waste 
disposal facilities. Based on the recommendations of other international 
oiganizations such as U.S A , UK and Canada the following values of factor of 
safety is suggested for ash dyke design 

F.S. (static) =15 ■ F.S (dynamic) = I 1 

Since, fiom field tests on KSTPP ash dyke , an improvement in the strength 
values of pond ash weie found, as compared to the initial strength parameters used 
dining designing of ash dyke a decade ago (refer Table 5 5), therefoie, factor of 
safety foi the slope stability of the ash dyke was re-evaluated using improved 
strength paiameters of ash. The slope stability analyses was carried out , assuming 
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the same geotechnical properties of KSTPP ash dyke, for each earth quake zone of 
India and the results are shown in Table 5 6 A map of India showing seismic 
zones is shown in Figure 5.1. 


Table 5.5 ^ values used in stability analyses 


Soil Type 

^initial 

^improved 

compacted asli (Soil II) 

33° 

33° 

settled ash (Soil III) 

28° 

31° 

foundation soil (Soil 1) 

33° 

33° 

lagoon ash (Soil IV) 

28° 

28° 


Although higher degree of improvement of the lagoon ash were obtained, 
still tlie conservative values of (j) for both compacted and pond ash were used foi 
the stability analysis Factor of Safety as calculated from initial assumed 
geotechnical design parameter of ash permitted only five raisings at KSTPP ash 
dyke, which lies m Zone I of India The new IS code is pioposing to combine zone 
I and zone II (code is under prepaiation), therefore, KSTPP may also be assumed 
to lie m zone II Using improved strength paiameters of ash foi stability analysis it 
is found that eight raisings could be achieved safely. The F.S, of five raismgs with 
initial assumed strength paiameters of ash was I 504 for static loading conditions 
and 1.04 foi seismic loading conditions With impioved conditions the F S rises to 
1.736 foi static loading conditions and 1.236 for dynamic loadmg conditions 
Therefoie, higher number of laisings are possible at this site. As shown in Table 
5 6, eight laisings can be canied out at tliis site with F.S of 1,52 and a 1 06 for 
static and dynamic loading condihons respectively. Using the same geoteclinical 
paiameteis, it has been found that at BTPS site only threee raisings can be carried 
out because of it being loacated in high seismic zone (zone IV) The controlling 
F S. lemains more than 2. Based on the F S, given in Table 5.6, it is imperative 
that the upstieam method of construction should be avoided in zone V and m zones 
III and IV constmction by upstream method should be restricted to a maximum of 
two to tlu'ee raisings. 















of Slope Stability Programme P 


3 



1.324 1.521 1.286 1.106 








































Bused upon Susvey of ,„d,u ™up .,c permission of , ire Surveyor Oeneru, of ,„diu ® Qovernmen. of Ind.ueop, right „8« 
... ..rruonu. »..ers of indiu ex, end m.o ,h. sea ,o n dis.un'le of ,.e.v. „.u.,cul mdes measured from ,he appropria.e base hne 
Responsib.lu, for the eorrectness of m.ernul de.nds shoum on Ihe map rests with the publ.sher 

’ te^e^tot ™iW f'""- NoRB'Enstern Areas (Reorgan.ra.ion, Aet. 197,. bat 


Fig 51 Map of Uulia Showing; Seismic Zones 




Chapter 6 


Summary and Conclusion 


In this investigation, post construction monitonng of ash dyke raised by 
upsticam method of constiiiction was carried out foi two ash disposal sites, Korba 
Super Theimal Power Plant (KSTPP), Korba and Badarpui Thermal Power Station 
(BTPS), New Delhi Standaid penetiation test (SPT), piezocone and plate load 
tests were peifonned at BTPS ash dyke site and laboratoiy tests leading to 
characteiizadon of geotechnical properties, such as giain size distribution, specific 
giavity, standaid pioctoi test, permeability, tnaxial and direct shear test were also 
peiformed for BTPS ash. 

Due to logistic pioblein, piezocone could not be conducted at KSTPP ash 
dyke site. At this site , only SPT was peifonned and high piecision instruments 
like inclinometer, foi detecting lateral movement was installed in the third laising 
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of the ash dyke For vertical settlements , cross arm settlement plate readings 
weie analyzed and tlie functioning of filter system was monitored from the 
piezometer leadings Based on the comprehensive field and Jaboiatoiy 
investigation programme in-sitn strength propeilies of compacted ash and 
unconsolidated settled ash weie estimated. Slope stability analyses weie earned 
out both for static and dynamic loading conditions to re-evaluate the safety factors 
foi iinpioved stiength charactenstics of ash througli a software ‘PCSTABL’. 

The following conclusions are drawn based on tins investigation : 

1) SPT conducted at both KSTPP and BTPS ash dykes have shown maiked 
impiovement in the stiengtli of settled ash beneath the embankment as 
compared to settled ash of othei locations in the pond 

2) Piezocone tests were also conducted at BTPS ash dyke to investigate 
improvement in die shear stiength of pond ash. This again has demonstiated 
significant improvement of shear strength in settled ash due to imposition of 
embankment load over it 

3) qc / N latio for ash was found to vary form 5 to 7 which is slightly higher than 
that of the silty sandy soils 

4) The {|) values near ash- slurry discharge end of BTPS pond is foxmd to be 
compaiatively more than the watei outlet end This is attnbuted to that fact that 
theie IS accumulation of finer paiticles neai the outlet end. This can be 
overcome by discharging the ash in gai landing fashion so that the ash paiticles 
aie distiibuted uiiifoimly over the entiie pond This will lead to a economical 
and safe design of ash embankments 

5) Shear Shength properties have been calculated fiom theoietical empincal 
lelalionship fiom the SPT aiids Piezo cone test results The angle of intemal 
friction (|) of the pond ash is found to impiove fioin 28° to 3 1° 

6) Plate Load test performed on the settled ash have been analyzed and based on 
test results, the estimated allowable beaaing capacity of the settled ash is of the 
ordei of 0.4 T/m^. The angle of internal fi'iction (j) has been calculated from the 
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plate load test lesults using bearing capacity formulae The values are found to 
be 30 and 32 which is of the same Older as found by other msitu methods 

7) Inchnometei was installed at KSTPP ash dyke to monitor the lateral movement 
of ash embankment Lateial movement was found to occui only durmg initial 
phases of ash slimy filling opeiation in the lagoon after which no appreciable 
movement was detected The total movement of the Downstream side of 
embankment of stage IV constiiicted on the settled ash is less than 0 2 % 

8) The piezometers leadings and the water level durmg dnllmg operations have 
revealed that the phieatic line is near the diainage blanket. This demonstrates 
the piopei functioning of tlie internal dramage system mstalled within the 
embankment, 

9) Based on the laboiatory tests it is estimated that foi double drainage site 
conditions, the settlement of lagoon ash is 98 -99 % of total expected 
settlement during the construction of ash embankment over it Based on actual 
field measurements, it is estimated that total settlement of the settled ash is 
likely to be less than 1% dunng construction of ash embankment and 0.2 % 
after constiuction of ash embankment 

10) Geotechnical investigations weie earned out on samples of BTPS ash as per 
hidian Standaids of Laboiatoiy testing. Some tests which were felt necessaiy 
and not peifonned earlier for KSTPP ash were also conducted. The 
geotechnical pioperties of BTPS ash is similai to what has been found for pond 
ashes of other sites in India 

11) The static and dynamic factois of safety Lnci eases tiemendously on using the 
impiovcd strength of ash foi analysis KSTPP ash dyke was initially designed 
foi five raisings using strength paiameters of settled ash without any 
impiovcment. With the impioved strength properties of the settled ash , it has 
been found that eight numbers of raisings can be achieved. Based on the insitu 
and laboiatoiy test results of both sites, maximum embankment laisings has 
been proposed for various seismic zones in India. As the static factor of safety 
icmains the same for all zones , the controlling factoi of safety for the stability 
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of ash dykes is seismic loading conditions Based on the stability analysis it is 
conclude that in zones I and II, eight lai sings of 3 m each is possible where m 
zones III and IV, only three lai sings aie possible. In zone V, raisings should 
not be done by upstieam method of construction, instead down stream method 
of construction should be used. 
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